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PREFACE 


The contents of this book are the result of a three-years* study of the glaciers of 
Alaska, financed and directed by the National Geographic Society, through its Com- 
mittee on Research. The investigations were made at a cost of about $17,000, repre- 
senting the interest of upward of a quarter of a million members of the Society, whose 
continued support of the great object of the increase and diffusion of geographic knowl- 
edge made the Alaskan undertaking possible. 

Through the investigations, it is hoped, new light has been thrown upon the ice age in 
America, new information has been collected as to the processes of glaciation, and a new 
view has been gathered as to the effect of earthquakes and volcanic action upon glaciers. 
Alaska offered the best field in the world for these investigations, its glaciers being the 
largest in the world except those of the polar regions. There are thousands of them, 
and only a few of them even have been named. 

The work of research into the extent and behavior of the Aaskan glaciers was imder- 
taken in 1909, under a resolution of the Board of Managers appropriating $5,000 for 
beginning it. This was followed by like appropriations by the Board of Managers in 
1910 and 1911, with some additional aid from time to time, bringing the total contri- 
bution of the Society to the work up to $17,000. 

The Research Committee decided, at the outset, to devote the money expended by 
the Society to the study of certain of the tidewater glaciers, notably those in and about 
Yakutat Bay and Prince William Sound, and with the phenomena observed there this 
book deals. 

It is peculiarly fitting that the National Geographic Society should have undertaken 
a scientific survey of the Aaskan glaciers, because it has been very closely identified 
with the exploration work that has opened up that wonderful territory. Its Magazine 
is one of the great storehouses of data on original glacial explorations in Aaska. 

In the National Oeographic Magazine appeared one of the first maps showing most 
of the Aaskan glaciers.^ This journal published the description of C. W. Hayes and 
Erederick Schwatka*s explorations north of the St. Elias Range and in the Copper River 
valley, with important contributions on glaciers and glaciation.* It published H. P. 
Reid’s descriptions of the Muir Glacier and Glacier Bay.® It published I. C. Russell’s 
descriptions of Mt. St. Elias and the Malaspina and Yakutat Bay glaciers,^ first explored 
by the two Russell expeditions which were partly financed by the National Geographic 
Society. In its volumes are Henry Gannett’s descriptions of some of the glaciers of 
Prince William Sound and other parts of Aaska ® as well as Miss E. R. Scidmore’s 
description of the glaciers of the Stikine River,® and her review of the discovery of Glacier 

‘ Nat. Geog, Mag., Vol. XV, 1904, map facing p. SU8. 

• Ibid., Vol. IV, 1802, pp. 117-162. 

• J^., Vol. IV, 1892, pp. 19-84. 

• Ibid., Vol. in, 1891, pp. 58-200. 

•Ibid., Vol. X, 1800, pp. 507-612; Vol. XU, 1901, pp. 180-106. 

• Ibid., Vol. X, 1890, pp. 6-9; Vol. VH, 1806, pp. 140-146; Vol. V, 1808, pp. 178-170. 
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Bay and of explorations in Alaska by members of the National Geographic Society; 
C. A. Stockton’s ^ and J. C. Cantwell’s ® descriptions of groimd ice in Arctic Alaska; 
C. L. Andrews’ study of Muir Glacier in 1902, the first after the great earthquakes of 
1899;® Fremont Morse’s description of the same in 1907;^ W. C. Mendenhall’s de- 
scriptions of the glaciers in the Wrangell Mountains;® W. A. Dickey’s discovery and 
naming of Mt. McKinley with its glaciers;® Robert Muldrow’s determination of its height 
and the position of more glaciers;^ A. H. Brooks’ plan of dimbing Mt. McKinley, with 
mapping of still more of the glaciers;® Ferdinand Westdahl’s photographs of the glaciers 
and snowfields on the volcanoes of Unimak Island in the Aleutians;* W. H. Osgood’s 
description of the glaciers near Lake Clark;^* G. K. Gilbert’s summary of the glaciers of 
Alaska and many other papers^* dealing incidentally with glaciers and glaciation in 
Alaska. 

The National Geographic Society’s Alaskan expedition of 1909, the plan of which 
was announced in the Magamne for June, 1909, was under charge of the authors of this 
volume, the other members of the party being W. B. Lewis of the U. S. Geological Sur- 
vey, the topographer; Oscar von Engeln of Cornell University, who took and developed 
many of the photographs ;E. F. Bean of the University of Wisconsin, who acted as rodman 
and general assistant; A. R. Campbell of the University of Washington, who ran the 
launch ; Charles Johnson of Yakutat, who was boatman and camp hand; and a Japanese 
boy, as cook. 

The Society’s 1910 expedition was under the leadership of the junior author, assisted by 
Messrs. Lewis and Bean of the 1909 party, P. E. Williams of the University of Wisconsin, 
rodman; R. G. Byers and E. A. Conner of the University of Washington, photographer 
and boat engineer respectively; and a cook. 

The Society’s 1911 expedition, under the direction of both authors of this volume, de- 
voted most of the season to glacier study in other parts of Alaska than are described 
in this volume. The jumor author, however, gave two weeks to additional observations 
of the Prince William Sound and Copper River glaciers before he was joined by the 
senior author and Russell S. Tarr. 

The junior author also visited Yakutat Bay in 1913. 

Each of the authors had previously spent two summers in Alaska, the senior author in 
Yakutat Bay in 1905 and 1906, the junior author in Controller Bay, Prince William 
Sound, Cook Inlet, and Alaska Peninsula in 1904, and in Yakutat Bay in 1905. Both 
of these previous seasons of field work in Alaska by the senior author were supported 
by the U. S. Geological Survey, The 1904 season by the junior author was in a U. S. 
Geological Survey party, but in 1905 he was supported by a grant of money from the 
American Geographical Society of New York, 

1 Nat. Geog. Mag., Vol. n, 1890, pp. 178-170. 

a Ibid,, Vol. VII, 1896, pp. S45-S46. 

8 Ibid,, Vol, XIV, 1908, pp. 441-445. 

* Ibid,, Vol. XrX, 1908, pp. 76-78. 

B Ibid,, Vol. XIV, 1903, pp, 895-407. 

“ Ibid., Vol. vm, 1897, pp. 82S-827. 

Ibid,, Vol. Xn, 1901, pp. 812-818. 

a Ibid., Vol. XIV, 1908, pp. 80-85. 

» Ibid,, Vol. XIV, 1908. pp. 98, 94, 97, 98. 

10 Ibid., Vol. XV, 1904, p. 828. 
u Ibid., Vol. XV, 1904, pp. 449-450. 

“ Ibid., Vol. XX, 1909, pp. 585-628; Vol. XXTT, 1911, pp. 597-600, 786; Vol. XXm, 1912, pp. 428-429, 
684-718, 
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We sailed from Seattle June 24, 1909, on the Alaska Coast Co/s steamer, Portlandy 
reaching Yakutat j&ve days later. Here we spent about six weeks. We traveled and 
transferred our food and camp equipment in a twenty-eight foot whaleboat, equipped 
with a fom-horse-power gasoline engine. We occupied two main camps and seven tem- 
porary camps in Yakutat Bay. We left Yakutat on August 14th, taking our launch upon 
the steamer from Yakutat to Valdez. Two days apiece were devoted to brief examina- 
tions of Valdez, Shoup, and Columbia glaciers, in eastern Prince WiUiam Sound, travel- 
ing in our launch, and camps being occupied at Port Liscum opposite Valdez, on Heather 
Island, near Columbia Glacier, and on Flemming’s Spit just outside Cordova. Two days 
were devoted to a hurried view of the Miles, Childs, and Allen glaciers of lower Copper 
River, the authors being taken by railway automobile to the end of the line, as then com- 
pleted, and entertained at the railway construction camps. We left Cordova Septem- 
ber 1 on the Northern Navigation Company’s steamer Lindsay^ reaching Seattle ten days 
later. 

During the field season of 1910, the junior author and his party spent only two weeks 
in Yakutat Bay, June 11 to 26, occupying five camps and traveling in the launch, which 
had been purchased the previous year by the Society. The party was then taken 
to Prince William Sound, where a special trip of Alaska Coast Company’s steamer 
Bertha landed us on Heather Island near Columbia Glacier. In the following six weeks, 
we traveled by launch clear around Prince William Sound, reaching Cordova on August 
12, after occupying ten camps in the fiords near the several glaciers and on Latouche and 
Hinchinbrook Islands. Three weeks were then devoted to the glaciers of the lower 
Copper River. We worked as far north as Heney Glacier and had four camps along the 
Copper River and Northwestern Railway near the larger glaciers. The junior author 
also spent three days in a rapid railway and steamboat trip through the Copper River 
canyon to Chitina. A week was occupied in a launch trip from Cordova to Columbia 
Glacier and Valdez, whence the party sailed for Seattle on the Alaska Steamship 
"Company’s steamer Northwestern on September 9. 

In 1911 the junior author went north alone, leaving Seattle June 5 on the Alaska Steam- 
ship Company’s steamer making a rapid reconnoissance trip to Valdez Glacier 

and through Prince WiUiam Sound to Seward and back to Cordova, after which he spent 
the time from June 15 to 20 at the glaciers of the lower Copper River. He was joined by 
the senior author and after another trip through Prince William Sound and to Colxunbia 
Glacier and a study of glaciers in the Kenai Peninsula along the Alaska Northern Railway, 
we went through the Copper River canyon by train, saw something of the conditions of 
glaciation in a day’s work at Wood Canyon, and then worked the remainder of the season 
on the glaciers and glaciation of the interior and of southeastern Alaska. 

In 1913 the junior author was guide for an excursion of the International Geological 
Congress which visited Yakutat Bay in September. The party consisted of about 50 
geologists from aU parts of the world. We traveUed and lived on the speciaUy-chartered 
Canadian Pacific steamer Princess Maquinna, and landed at a number of points, as de- 
scribed in later pages of this book. 

Preliminary reports of the results obtained in 1909 and 1910 were published in the 
National Oeographic Magazine for January, 1910, and June, 1911. The junior author 
lectured before the Society in Washington on February 18, 1910. 

The phenomena of advancing glaciers observed in Yakutat Bay by the TJ. S. Geological 
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Survey parties in 1905 and 1906 were further studied by the subsequent expeditions 
of the National Greographic Society. The fullness of the description of the Yakutat Bay 
region, therefore, depends not merely on the work of the seasons from 1909 to 1913, but 
to a very large degree, on the studies of 1905 and 1906. The investigations of these five 
seasons have developed a series of interesting and important results, the statement of 
which can be adequately made only by making free use of the work of the previous ex- 
peditions. This has, therefore, been done, not in the form of direct quotation of our 
previous publications relating to the expeditions of 1905 and 1906, but in such abstracts 
as have seemed necessary to the clearness of discussion of the problems which the Yakutat 
Bay glaciers present. This report, in so far as the Yakutat Bay region is concerned, is 
the summaiy and discussion of the results of five seasons of work, not of the seasons of 
1909, 1910 and 1913 alone. 

The description of conditions in Prince William Sound and on the lower Copper River 
is almost entirely new. The discussion of the glaciers of Alaska in Chapter I of this book, 
and of the glaciers and glaciation of Prince William Sound and the Lower Copper River, 
Chapters XII to XXIH, is whoDy the work of the junior author. The senior author, 
however, with his greater experience and wide observation of glaciers in Greenland, Nor- 
way, Spitzbergen, and the Alps, saw a great deal in the few days he spent in eastern 
Prince William Sound and on the lower Copper River in 1909. Accordingly he was able 
to advise in the arrangement of the materials of Chapters XII to X XTTT and generously 
gave much time and thought to the criticism of the portions of manuscript — all but 
the last three chapters — ^which were completed before his lamentable death on March 21, 
1912. He also wrote parts of the pages on the Comparison between Yakutat Bay and 
Prince WiUiam Sound. The junior author’s debt to Professor Tarr, as teacher in lec- 
ture room, laboratory, and field, and as councillor and friend can never be adequately 
acknowledged. 

Many of the photographs used as illustrations in this book were taken by the authors 
and by our photographers — 0. D. von Engeln in 1909, and R. B. Byers in 1910. We* 
are deeply indebted to both of them for their excellent photographs and for splendid 
service in the field in Alaska, where the exposing and developing of photographs have 
especial difficulties. In the Magazine for January, 1910, the former of these men de- 
scribed some of these difficulties. We have also used a few photographs taken by the 
late Professor I. C. Russell of the University of Michigan and Mr. H. G. Bryant of Phil- 
adelphia, by members of the Harriman Expedition, of the United States Geological 
Survey, and the International Boundary Surveys, by engineers of the Copper River and 
Northwestern Railway, and several Alaskan photographers, as acknowledged specifically 
in the legends of the plates. 

Among the text figures are several based upon manuscript maps of Prince William 
Sound, supplied by Professor U. S. Grant of Northwestern University. Some of the 
cross-sections of the fiords were drawn by Mr. E. P, Bean of the University of Wiscon- 
sin, who has also been of great service in assisting with the proofreading and with mak- 
ing the index of this book. 

We were thoroughly equipped for glacier study during each season in the field, thanks 
to the large appropriations by the Research Committee. For assistance in arranging and 
carrying out our plans in Alaska we are under deep obligations to the companies and 
institutions whose contributions are acknowledged elsewhere in this book, as well 
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as to the following gentlemen: Rev. Mr. Rasmusson, and Messrs. Beasley, Stimson, 
Robinson, Flenner, and Gray, of Yakutat; the late E. C. Hawkins, General Manager, 
and Mr. S. W. Ecdes, the President of the Copper River & Northwestern Railway Co.; 
the late Alfred Williams and Messrs. O’Neel, Van Cleve, Johnson, Withers, Corser, and 
Wernicke of the Katalla Company, and Messrs. Murchison, Shields, McCune and Whit- 
ing of M. J. Heney’s force; Messrs. Dalton and Hazelet of Cordova; the late Dr. L. S. 
Camicia and Messrs. Lathrop, Peterson, and Crawford of Valdez; Captain MacGilvary 
and Messrs. Johansen and Inglis of the Steamship Bertha, and Messrs. Barber and 
Macgregor of the steamship Portland; the mine operators at Latouche; Professors 
Landes and Meany of the University of Washington; the late Webster Brown and Messrs. 
George Jamme and J. L. McPherson of Seattle, and R. P. Tarr of Tacoma; Commander 
Ellicott of the U. S. Navy; Capt. C. G. Quillian of the U. S. Coast and Geodetic Survey; 
Col. A. W. Swanitz, Chief Engineer, and Mr. 0. G. Laberee, President of the Alaska 
Northern Railway; Col. Richardson of the Alaska Road Commission; Mr. A. B. Emery, 
Manager of the Bonanza copper mine at Kennicott; Messrs. James, Fisher, Rhodes, 
Bigelow, Coleman, and Watson of Fairbanks and Manager Joint of the Tanana Valley 
Railway; Messrs. Perry and Coffee of The Yukon Gold Company at Dawson, Mr. Cobb 
and Judge Gunnison of Juneau; Mr. Bronson, U. S. Collector of Customs at Wrangell; 
Mr. George Otis Smith, Director of U. S. Geological Survey; Mr. A. H. Brooks, geol- 
ogist in charge of Division of Alaskan !RGneral Resources of the U. S. Geological Survey; 
Mr. 0. H. Tittmann, Superintendent of the TJ. S. Coast and Geodetic Survey; Mr. W. 
P. King of the Dominion Astronomical Observatory at Ottawa; Messrs. Fremont Morse 
and N. J. Ogilvie of the International Boundary Surveys; Prof. H. F. Reid of Johns 
Hopkins University, and many others. 

We wish to acknowledge the generous support of every member of our parties in the 
field, the cordial hospitality of all who met us in AJaska, and the assistance of the officers 
of the Society, particularly Mr. Gannett, the President of the Society and Chairman of 
the Research Committee, Mr. Grosvenor, the Editor of the National Geographic Maga- 
zine and the Director of the Society, and the other members of the Research Com- 
mittee, in doing everything in their power to make our field seasons effective and in 
facilitating the preparation and publication of this book. 

Lawbbncb Martin. 

April 7, 1914. 
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ALASKAN GLACIER STUDIES 

CHAPTER I 

THE GLACIERS OF ALASKA 

The Alaskan glaciers are the largest in the world except those in polar regions. 

The existing glaciers of Alaska are chiefly confined to the mountain regions and extend 
more or less continuously through about 1,100 miles along the Coast and the St. Elias 
Ranges, 400 miles in the Alaska Range, and 450 miles in the Endicott Mountains of north- 
ern Alaska. These mountain, snowfield, and glacier belts average from 40 to 1^0 miles 
in width. There are also scattered glaciers upon volcanoes through a distance of 500 
miles on the Alaska Peninsula and Aleutian Islands. Glaciers are found through a range 
of 15 degrees of latitude. The total snow- and ice-covered area has been conserva- 
tively estimated at 15,000 to 20,000 square miles, ^ and is much smaller than the area 
covered at the maximiun stage of Alaskan glaciation. This, however, is less than four 
per cent of the total area of Alaska. There are thousands of glaciers, only a few 
hundred of which have been named. 

The glacial districts in Alaska may be best described in groups associated with the 
various mountain ranges (Map 1, in pocket), both because these enable us to take up 
compact units, and because the mountains are jointly responsible with the climatic 
conditions for the existing glaciation. It is the combination of lofty mountains facing 
a sea coast where warm, humid, onshore winds bring abundant moisture, in a northerly 
latitude, that gives the Pacific Mountains of Alaska from 80 to 200 inches of precipi- 
tation yearly. It is the loftiness of these mountains, and the northerly latitude, that 
causes a large proportion of this precipitation to fall in the form of snow. Therefore, 
much more snow falls in a winter than can melt during a summer, causing permanent 
snowfields and great glaciers. The variations in altitude, in latitude, in precipitation, 
and in direction of slope cause the principal variations in the present size and condition 
of the glaciers. Most of these variations are associated with differences in the moun- 
tains, but it is not certain that the climate is responsible for all the glacial oscillations, 
nor that the ice tongues are consistently waning. 

The mountain ranges upon whose slopes most of the glaciers have been formed are the 
Pacific Mountains, including the various subdivisions of (1) the Canadian Coast Range, 
(2) the St. Elias Range, (3) the Alaska- Aleutian Ranges. 

Former glaciation will be discussed in connection with all these mountain groups after 
the existing glaciation has been sketched. 

Along the Inside Passage the Taku and Davidson Glaciers are rather familiar, as are 
the Muir Glacier of Glacier Bay, the Malaspina and Yakutat Bay Glaciers of the south 
side of the St. Elias Range, and the Valdez and Columbia Glaciers of Prince William 
Sound; but most of the other glaciers of Alaska are little knowm. 

i GUbert, G, K., Harriman Alaska Expedition, Vol. DI, 1904, p. 9; Nat Geog. Mag,, Vol. XV, 1904, p, 450. 
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2 AIASEAN GLACIEE STUDIES 

Brief general lists or descriptions of the glaciers of Alaska have previously been 
made by Muir,* Petroff,* RusseU,» Dali, « Wright,' Baker,' Davidson,'^ Brooks," Gilbert," 
Greely,*" and, for individual glaciers, by others listed upon subsequent pages. The 
glaciers of the whole territory were first shown upon a map by R. U. Goode and 
E. C. Barnard, published in the National Geographic Magazine ** and afterwards 
reproduced by the United States Geological Survey.** 

Canadian Coast Range ^ 

Qlaciers uea/r Portlo/ifid and Behm Ca/nals. Be ginn i n g with the panhandle of soutli- 
eastern Alaska the first existing glaciers north of British Columbia are those of the Bear 
and Salmon River headwaters of Portland Canal, and the Chickamin, Leduc, and Unuk 
River tributaries of Behm Canal. Here fifty or sixty valley glaciers, the larger ones 
2 to 10 miles long and 1 to miles wide, descend from snowfields at an elevation 
of four to eight thousand feet and end at elevations ranging from 500 to 3000 feet above 
sea level. None of these ice tongues, except the SoulS Glacier as yet bears a name. 
Photographs showing some of them were taken by the Canadian Boundary Commission 
in 1894, and these photographs, as well as the detailed maps showing the glaciers,'^ 
are of much value because a second series of photographs and maps made by the com- 
mission engaged in locating the boundary in 1906 to 1913 will show the advances and 
retreats of these ice tongues after more than ten years. The maps unfortunately 
are on a small scale (1:160,000). They do not go far back into the snowfield area, nor 
do they show all the glaciers, particularly those back in the interior of the Coast Range. 
Glaciology has, however, a great aid here in the two sets of maps made as a result of the 

I Muir, John, In newspaper notices even before Petroff, Russell, and Dali; Notes on the Pacifi c Coast Glaciers, 
American Geologist, VoL XT, 189S, pp. 287-499; Harriman Alaska Expedition, Vol. I, 1901, pp. 119-135, 

» Petroff, Ivan, Tenth Census of the United States, 1880, Vol. Vm. 1884, pp. 24, 85-86. and Map VI facing 
p.75. 

> Russell, I. C., Rfth Ann. Rept, U. S. Geol. Survey, ISSS-i, pp. 848-855; Glaciers of North America, Boston, 
1897, pp. 74-130; Scottish Geog. Mag., Vol. X, 1894, pp, 405-407 and map showing known glaciers. 

‘ Dali, W. H., Glaciation in Alaska, Bull. Phil. Soc., Washington, Vol. 6, 1884, pp. 3S-86. 

» Wright, G. P., Ice Age in North America, New York, 1891, 13-85. 

e Baker, Marcus, Geographic Dictionary of Alaska, Bull. 187, U. S. Geol. Survey, 1902, 2d edition; Bull. 
299, 1906. 

1 Davidson, George, The Glaciers of Alaska that ore Shown on Russian Charts or Mentioned in Older Narra- 
tives, Trans, and Proc. Geog. Soc. Pacific, 2d series, VoL 8, 1004, pp. 1-98. 

■ Brooks, A. H., Glacial Phenomena of Southeastern Alaska, in Professional Paper 1, tJ. S. Geol. Survey, 1902, 
pp. 81-85; Geography and Geology of Alaska, Professional Paper 45, U. S. Geol. Survey, 1906, pp. 244-248, 
295-296. Pis. Xn and XXTT. 

■ Gilbert, G. K., Glaciers, Harriinan Alaska Expedition, Vol. m, New York, 1904, pp. 1-^28; Nat. Geog, 
Mag., Vol. XV, 1904, pp. 449-450. 

10 Greely. A. W., Handbook of Alaska, 1909, pp. 152-159, 266-267. 

II Brooks, A. H., Nat. Geog. Mag., Vol. XV, 1904, opposite p. 288. 

It Professional Paper 45, U. S. GeoL Survey, 1906, PL XXXIV; Bull. 846, PL 1, 1908; Map A, Alaska, U. S, 
Geol. Survey, 1909. 

It Some of these glaciers are shown on Chart 8050, U. S. Coast and Geod. Survey, Dixon Entrance to Head of 
Lynn Canal; also on the map of Southeastern Alaska and a part of British Columbia, Showing Award of Alaskan 
Boundary Tribunal. 

1* Chart 8100, U. S, Coast and Geod. Survey. 

i> Sheets 4 and 7, Atlas of Award, Alaskan Boundary Tribunal, Senate Document 162, 58t]i Congress, 2d 
Session, Washington, .Government Printing Office, 1904. 
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surveying necessary to the boundary arbitration. P. E. and C. W. Wright have briefly 
alluded to these glaciers and the wonderful glacial sculpture of the adjacent fiords.^ 

In the valley of Blue River, and adjacent northwest tributaries of Unuk River is an 
interesting series of recent lava flows, the latest thought to be less than 50 years old, 
described by Morse of the Boundary Survey. One or more of the small glaciers near 
Blue River is covered with ashes 

Olaciers of Siikine River, On the lower Stikine River and partly in Canada are the 
Great Glacier, the Popoff or Little Glacier, the Dirt or Mud Glacier, the Flood Glacier, 
and many others shown on the Boundary Atlas Sheets ® already referred to, and on one 
Coast Survey chart ^ and one U. S. Geological Survey map.^ The Stikine River glaciers 
were visited and briefly described by Blake in 1867,® Hunter in 1877,^ by Muir and by 
Bell in 1879,® by Dawson in 1887,® by Miss Scidmore in 1898, and others. Great 
Glacier is an ice tongue of which only the lower sixteen miles have been mapped. 
The upper glacier is over 4 miles wide, the lower valley about a mile wide, and beyond this 
the Great Glacier spreads out to a width of four and a half miles in a piedmont bulb 
which enters the Stikine valley from tlxe west, forcing the Stikine River over to the 
east bonk. The terminus of this first large glacier in Alaska is less than ^50 feet above sea 
level. The Dirt Glacier seems to be stagnant and moraine-covered. Russell shows 
photographs of Orlebar and Bernard Glaciers on the Stikine River, which Dawson 
states are the Great Glacier and either the Flood or Dirt Glaciers respectively. The 
debris carried out from these glaciers has caused the Stikine River to build a great 
delta seventeen miles wide which nearly ties Mitkof Island to the mainland and makes 
it necessary for ships to go through the dangerous Wrangell Narrows in navigating the 
Inside Passage. 

Glaciers of Frederick Sound and Stephens Passage, This group of ice tongues includes 
the LeConte, Patterson, Baird, Dawes, Brown, Sumdum and Sawyer Glaciers and the 
unnamed glaciers of Whiting and Speel Rivers. They are shown on the Coast Survey ^ 
and Boundary Survey” and Geological Survey maps. The LeConte Glacier in lati- 
tude 57® is the southernmost tidal glacier in Alaska. The Dawes, Brown, and Sawyer 
Glaciers also reach sea level and discharge icebergs.” The group of glaciers near Devil* s 

I Bull. 847, U. S. Geol. Survey, 1908, p. 24 and map, PI. II. 

* Morse, Fremont, Nat. Geog. Mag,, VoL 17, 1906, pp. 178, 176. 

» Atlas of Award, Alaskan Boundary Tribunal, Sheets 8 and 9. 

* Chart 8200, U. S. Coast and Geod. Survey, 1891. 

» Bull. 847, U. S. Geol. Survey, 1908, PJ. HI. 

* Bloke, W. P., The Glaciers of Alaska, Russian America, Amer. Joum. Sci., 2d series, Vol. XXIV, 1867, 90- 
101; House Extra Doc., 177, Part 11, 40th Congress, 2d Session, with map. 

V Hunter, J., Map reproduced in Alaskan Boundary Tribunal, Maps and Charts accompanying the case of 
Great Britain, Washington, 1904, p. 26. 

■ Bell, W. H., Scribner’s Monthly, Vol. X[Vn, 1879, pp. 806-816. 

» Dawson, G. M., Geol. and Nat. Hist. Survey Canada,* Ann. Rept., Vol. m. Part 1, 1889, pp. 61B-6SB. 

“ Sddmore, E. R„ Nat. Geog. Mag., Vol. X, 1899, pp. 6-9. 

“ Russell, I. C., 6th Ann. Rept., U. S. Geol. Survey, 1883-1884, PI. LIV and LV. 

« D. S. Coast and Geod. Survey, Charts 8200, 8210, 8300. 

II Atlas of Award, Alaskan Boundary Tribunal, Sheets 9, 10, 11, 12. 

1* BuU. 287, U. S. Geol. Survey, 1906, PI. XXXVI; Bull. 847, 1908, PI. HI. 

See description by Sir George Simpson in September, 1841, Journey Round the World, Vol. I, p. 218, quoted 
by Klotz, Geog. Joum., Vol. XTV, 1899, pp. 631-^82. 
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Thumb are the southernmost Alaskan glaciers seen from the steamer, Patterson Glacier 
being visible from the north end of Wrangell Narrows. 

The increase in glaciation with increase in latitude may be shown by the lower snowline 
on Mt. Sumdum, than on the mountains to the south, as well as by the presence of tidal 
glaciers. Larger glaciers appear now, the shorter arm of Baird Glacier being sixteen 
miles long, title longer tributary being certainly over 17 miles; but its whole 
length has not been mapped. They advance from vast snowfields whose extent 
is not yet known. Some, notably the Dawes and Baird, are through glaciers^ or ice 
tongues which flow in opposite directions from a common, flattish, snow-covered 
divide. Some of the glaciers of this region bifurcate so close to their terminus that one 
name is used for both arms, as in Baird Glacier. The name Dawes is used for two ad- 
jacent glaciers which formerly were one. The same is true of the Sawyer Glaciers. 

The extreme glacial erosion and the lack of glacial deposits in southern Prederick Sound 
has been pointed out by the Wrights.^ 

Klotz determined that LeConte Glacier retreated a half mile between the time of mak- 
ing a Coast Survey chart, probably in the late eighties, and 1893.® The bay it enters is 
called Hutli or Thunder Bay from the noise made by the discharge of icebergs, accord- 
ing to John Muir who visited this glacier in 1879.® Icebergs then filled the bay for ten or 
twelve miles. Patterson Glacier was advancing and destroying trees in 1891 according to 
the Pacific Coast Pilot of that year.^ Baird Glacier, not to be confused with the other 
Baird Glaciers of the Tasnuna River and White Pass, has been studied by Klotz,® who 
determined its rate of movement and rate of melting in 1894. 

Holkham Bay, at the base of Mt. Sumdum, with its branches Endicott and Tracy 
Arms, is said by Muir ® to be one of the most interesting Alaskan fiords. It has four tidal 
glaciers and a hundred or more glaciers of the second and third class. The icebergs 
interfere with navigation by large boats and it is often difiBcult to reach the tidal glaciers 
in small canoes. 

The unnamed ice tongues of Speel and Whiting Rivers are exceedingly attenuated, 
narrow glaciers, 6 or 7 miles long and a tenth to a quarter of a mile wide. 

Glaciers of Tahu Inlet This beautiful fiord just south of Juneau, is visited annually 
by thousands of tourists and the Taku Glacier has become one of the best known in 
Alaska, especially during the past 15 years when Muir Glacier has been less accessible 
and has lost beauty through retreat and loss of height. Within the fiord are also the 
Norris, Wright, and Twin Glaciers, besides a few smaller glaciers up the Taku River, ^ 
but the Taku Glacier is the only one discharging icebergs. These glaciers are shown on 
several maps ® and there are also innumerable smaller glaciers. Muir says forty-five 
glaciers are visible from a steamer sailing up the middle of Taku Inlet.® 

» Wright, F. E. and C. W., Bull. S47, U. S. Geol. Survey, 1008, p. 24 and PI. El. 

• "Klotz, Otto, Geog. Joum., Vol. 14, 1899, p. SS2. 

• Muir, John, Amer. Geol., Vol. XI, 1898, p. 291. 

• Reid, H. F., Variationa of Glaciers, Joum. Geol., Vol. VEI, 1900, p, 158, 

• Elotz, Otto, Joum. Geol., Vol. HI, 1895, pp. 512-518. 

■ Muir, John, Harriman Alaska Expedition, Vol. I, 1901, p. 125, 

1 Hayes, C. W., Nat. Geog. Mag., Vol, IV, 1892, p. 151. 

■ TJ. S. Coast and Geod. Survey, Charts 8050, 8300; Atlas of Award, Alaskan Boundary Tribunal, Sheets 12 
and 18; PL 19, Vol. IV, Nat. Geog. Mag., 1892; PL XXXVI, Bull. 287, Ui S. GeoL Survey, 1906. 

• Muir, John, Harriman Alaskan Expedition, Vol. 1, 1901, p. 125. 
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Taku Glacier for which the names Schulze Glacier and Foster Glacier w‘ere tempo- 
rarily used, is SO miles long, heading to the north on a 5,500-foot snow divide as a 
through glacier, the other end of which flows down the east side of the Canadian Coast 
Range. This may be the Llewellyn Glacier^ of Atlin Lake. To the northwest it shares 
snowfields as a through glacier with Mendenhall and Herbert Glaciers of Lynn Canal 
and Norris Glacier of Taku Inlet. Taku Glacier receives at least ten tributaries, from a 
half mile to a mile and a halt wide, the main glacier being two to three miles wide. It gives 
off two glacial distributaries, one of which feeds the west half of the Twin Glaciers of 
Taku Inlet. The sea front is a little over a mile wide and 200 feet high and has been 
described by Vancouver,^ Muir,® RusseU,^ and many others.® Taku Glacier suffered 
severely during the Yakutat Bay earthquakes of September, 1899, but had a net advance 
between 1890 and 1905.® Norris Glacier, to which the name Windom Glacier was tempo- 
rarily applied, is reported ^ to have lost part of its end following the 1899 earthquakes, 
perhaps because of washing away of supporting gravels. 

Glaciers East of Lynn Canal. On the east side of this great fiord a group of glaciers 
descend from the snowfields of the Canadian Coast Range, the better-known valley gla- 
ciers, named in order from Juneau northward to Skagway, being the Mendenhall,^ Her- 
bert, Eagle, Meade,® and Ferebee Glaciers. They are well shown on a number of maps.^® 

Besides these large glaciers that bear names there are as many glaciers of equal size 
that are as yet xmnamed because not seen from Lynn Canal, as for example the five glaciers 
terminating ten to fifteen miles back from Lynn Canal in the valleys draining to Berners 
Bay. There are also hundreds of minor glaciers, such as the Lemon Creek Glacier and 
others near Jimeau,^^ and the glaciers on the north side of Lion’s Head Mountain, Berners 
Bay.i® 

The region from which the Mendenhall, Taku, and adjacent glaciers extend is a typical 
ice-flooded region, an area of many square miles between Taku Inlet, Lynn Canal, and 
the international boundary having, according to the map, a larger proportion of snow- 
fields and valley glaciers than of projecting mountain ridges and isolated peaks. Many 
of the ice tongues are through glaciers. 

1 Gwfllim, J. C., Geol. Survey of Canada, Ann. Kept., Vol. XII, 1902, pp. 14B-15B and map 742. 

* Quoted by Elotz, Geog. Joum, Vol. XTV, 1899, p. 681. 

> Muir, John, Amer. Geol., XI, 1898, p. 293. 

‘ Russell, I. C., Glaciers of North America, Boston, 1897, pp. 78-80. 

> For example, Davidson, George, Trans, and Proc. Geog. Soc. Pacific, Vol. lH, 1904, pp. 79-81. 

Egerton, H. G., Alaska and Its Glaciers, Nineteenth Century, Vol. 82, p. 1001, 

BQgginson, Ella, Alaska, the Great Country, New York, 1908, pp. 110-113. 

Greely, A. W., Handbook of Alaska, New York, 1909, pp. 163-164. 

« Reid, H. F., Variations of Glaciers, Joum. Geol., Vol. XIII, 1905, p, 817; Same, Vol. XIV, 1906, p. 408. 

T Reid, H. F., Variations of Glaciers, Joum. Geol., Vol. XI, 1901, p. 258. 

■ Xnopf, A., Bull. 602, U. S. Geol. Survey, 1912, pp. 11-13, 82-83, and PI. I. 

• Sheldon, Charles, The Wilderness of the Upper Yukon, New York, 1911, pp. 172-174. 

» Coast Survey Charts 8060, 8300, 8802, 8808. 

Atlas of Award, Alaskan Boundary Tribunal, Charts IS, 16a, 17. 

Bull. 287, U, S. Geol. Survey, 1906, PI. XXXVHI. 

u Eldridge, G. H., Maps and Descriptions of Routes of Exploration in Alaska in 1898, U. S. Geol. Survey, 
Washington, 1899, p. 102. 

Juneau SpedsI Map, 1904, U, S. Geol. Survey. 

“ Ehopf, A., Bull. 446, U. S. Geol. Survey, 1911, p. 12 and PI. I; Berners Bay Special Map, Alaska, 
Sheet No. 681, 1906, U. S. Geol. Survey. 
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None of these glaciers are now tidal, although Mendenhall Glacier, which is 17 miles 
long and two to three miles wide at its terminus, descends to within less than 100 feet of 
sea level. References to floating ice here in 1794 by Vancouver’s lieutenant, Whidbey, 
and by Sir George Simpson in 1841, as well as the Admiralty and Hydrographic charts 
of 1865 and 1869, have convinced Davidson that Mendenhall Glacier reached tidewater 
in those years.^ He quotes Manson’s observations, based on a miner's stakes near Men- 
denhall Glacier, as proving a retreat of 40 or 50 feet a year between 1892 and 1901. 

Davidson has briefly described the glaciers and glaciation of the head of Lynn Canal 
or Taiya Inlet ® and Schwatka ^ has described the Saussure, Baird, and several other 
small glaciers between Lynn Canal and Lake lindemann. Andrews reports that eight 
glaciers near Skagway were all retreating rapidly in 1903, one having gone back 30 or 40 
feet annually since 1898.^ The Krause brothers visited some of these glaciers in 1881.® 
Denver Glacier is visited annually by hundreds of tourists. 

White Pass and Chilkoot Pass, which were crossed by thousands of gold-seeking pros- 
pectors in the rush to the Klondike during the late nineties, are not covered by glaciers, 
although there are many ice tongues in the mountains nearby. These passes, 2,600 and 
3,600 feet respectively above sea level, were snow-covered, however, at the time of the 
rushes, especially in the early spring. Russell has called attention to the 5 or 6 small 
glaciers seen by him in 1889, and commented upon the fact that those on the north side 
of the Coast Range are much smaller than those on the south ° where he saw forty small 
glaciers from a single viewpoint. In 1896 J. E. Spurr observed that the glaciers on the 
south side of the Coast Range were retreating.^ 

St. Elias Range 

Olaciers West of Lynn Canal, On the west side of Lynn Canal a series of glaciers de- 
scend from the slopes of the St. Elias Range, though none reach sea level.® These include 
a number of valley glaciers in the region drained by the western tributaries of the Chil- 
kat River, including the Knapp, Leslie, Jarvis, Le Blondeau, Takhin, Bertha, and Garri- 
son Glaciers and the glaciers whose streams flow directly to Chilkat Inlet or Lynn Canal, 
such as Rainbow Glacier, the well-known piedmont bulb of Davidson Glacier, and a series 
of unnamed ice tongues, some of which are through glaciers descending from the snowfields 
that also feed Muir Glacier on the west side of the same range. Wright has discussed 
the general glaciation of the Porcupine gold district.® 

1 Davidson, George, The Glaciers of Alaska that are Shown on Russian Charts or Mentioned in Older Narra- 
tives, Trans, and Proc. Geog. Soc. Pacific, Vol. IQ, 1904, pp. 78-70. 

* Bull. Phila. Geog. Soc., Vol. 11, 1000, pp. 108-114. 

* Science, Vol. m, 1884, p. 220; Report of a Military Reconnaissance Made in Alaska in 188S, Compilation 
of Narratives of Exploration in Alaska, Washington, 1900, pp. 295-208 and map. 

* Quoted by Reid, H. P., Variations of Glaciers, Joum. G^l., Vol. Xn, 1004, p. 260. 

s Krause, Arthur and Aurel, Ergebniase einer Reisc nach der Nordwest Ktiste von Amerika und der 
Berings-Strasse, Jena, 1886; Krause, Arthur, Zeitschrift der Ges, ftlr Erdkunde zu Berlin, Vol. XVm, 1883. 

® Russell, I. C., Surface Geology of Alaska, Bull, Geol. Soc. Amer., Vol. I, 1800, pp. 148-161. 

’ Quoted by Reid, H. F., Variations of Glaciers, Joum. Geol,, Vol. V, 1807, p. 381. 

■ Coast Survey Charts 8060, 8300, 8302, 8303. 

Atlas of Award, Alaskan Boundary Tribunal, Sheets 14, 17, 18. 

PL XUX, 21st Ann. Rept., U. S. Geol. Survey, Part H, 1899-1000; PL XXXVU; Bull, 287, U. S. Geol. 
Survey, 1006. 

* Wright, C. W., Bull., 236, U, S. Geol. Survey. 1004, pp. 14, 18-19, and PL II. V. 
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In this region the Takhin and Le Blondeau Glaciers are of especial interest because 
they seem to have blocked the Takhin valley, about 25 miles west of Haines Mission, 
diverting the upper ten miles of this stream northeastward into Salmon River or Tsirku 
Creek which flows into Chilkat River at Klukwan.^ Rainy Hollow Glacier had an 
advance of over 2000 feet between June and September, 1910, as observed by Webster 
Brown.* 

Davidson Glacier which has been described by Davidson, Blake, Muir, Meehan, Rus- 
sell, Gilbert, and others ® seems to have been one of the first bulb glaciers recognized in 
Alaska, Russell having described and explain,ed its fan-shaped terminus. 

Glaciers of Glacier Bay. These, the most visited glaciers in Alaska, include the Muir, 
Carroll, and Rendu ice tongues that flow south or west from the portion of the St. Elias 
Range just described, the Wood, Geikie, Charpentier, Hugh Miller, and Johns Hopkins 
Glaciers that flow eastward from the Fairweather Range, and the Grand Pacific Glacier 
which flows southward between these two divisions of the St. Elias Range, heading as a 
through glacier, as does the northern part of the Muir, on a flat divide that sends an ice 
tongue northward to the Alsek River. There are eleven tidal glaciers here, of which Muir 
Glacier alone has a drainage area of over 800 square miles and over 350 square miles of 
glacier surface. Its two main tributaries are 20 and 22 imles long. 

Glacier Bay was visited by Vancouver in 1794 and later by several of the Russian ex- 
plorers. The modern visits begin with those of Lieutenant Wood in 1877 ^ and John 
Muir in 1879 and 1880.® Glacier Bay was discovered in the sense of being made known 
to the world® by John Muir, whose name is fittingly attached to the grandest of its 
glaciers. After Muir’s visits, Muir Glacier was first studied scientifically by G. W. Lam- 
plugh in 1884 ^ and by G. F. Wright in 1886.® All the ice tongues were studied and 
mapped carefully by H. F. Reid in 1890 and 1892,® H. P. Cushing sharing the observa- 
tions of Muir Glacier in 1890.^° I. C. Russell also made brief observations of Muir 
Glacier in 1890.^ The region was remapped by the Canadian Boundary Survey in 
1895,^* and revisited by Muir in 1896.^® 

' See PI. XXXVn, Bull. 287, U. S. Geol. Survey. 

* Journ. Geol, Vol. XXI, 1918, p. 426. 

> Davidson, George, House E^dra Doc. 177, 40th Congress, 2d session, 1868, p. 276; Glaciers of Alaska, etc., 
Trans, and Proc. Gcog. Soc. Pacific, Vol. HI, 1904, pp. 78-76. 

Blake, T. A., House Ex. Doc., 40th Congress, 2d Session, 1868, p. 821. 

Muir, John, Anaer. Geol, Vol. XI, 1893, p. 298. 

Meehan, Thomas, Notes on Glaciers in Alaska, Proc. Philadelphia Acad. Science, 1888, pp. 249-255. 

Bussell, I. C„ Bull. Geol. Soc. Amer., Vol 1, 1890, p. 152. 

Gilbert, G. K., Harriman Alaska Expedition, Vol. HI, 1904, pp. 12-16. 

* Wood, C. E. S., Centuiy, Vol. H, 1882, pp. 838-335. 

» Muir, John, Amer. Geol, Vol XI, 1893, pp. 294-299; Century, Vol. XXVHI, 1895, pp. 284-247; Harriman 
Alaska Expedition, Vol 1, 1902, pp. 126-128. 

» Scidmore, E. R., The Discovery of Glacier Bay, Alaska, Nat. Geog. Mag., Vol. VII, 1896, pp. 140-146. 

» Nature, Vol. 83, 1886, pp. 299-801. 

» Wright, G. P., Amer. Joum, Sci., Vol AJLXni, 1887, pp. 1-18; Ice Age in North America, 1891, pp. 36-66; 
Man and the Glacial Period, 1892, pp. 24-80. 

* Reid, H. E„ Studies of Muir Glacier, Alaska, Nat. Geog. Mag., Vol IV, 1892, pp. 19-84; Glacier Bay and 
Its Glaciers, 16th Ann. Rept., U. S. Geol Survey, Part I, 1896, pp. 421-461. 

10 Amer. Geol, Vol VIH, 1891, pp. 207--280. 

11 Amer. Geol, Vol IX. 1892, pp. 190-197. 

1* Atlas of Award, Alaskan Boundary Tribunal, Sheets 14, 16, 16, 17, 18, 19. 

1* See H. P. Reid’s Variations of Glaciers, Jour, Geol, Vol. V, 1897, p. 881. 
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The Haxriman Alaska Expedition visited Glacier Bay in 1899 and John Muir and G. K. 
Gilbert studied the glaciers and glaciation.^ Andrews and Case * made brief observa- 
tions of Muir Glacier in 1902, and a United States Geological Survey Expedition in 1906, 
under charge of F. E. and C. W. Wright, made detailed studies and maps, as yet only 
published in abstract.® In 1907 the Boundary Survey work resulted in additional ob- 
servations which have been briefly described by Klotz ^ and by Morse ® and more recently 
published in a new United States Coast and Geodetic Survey chart ® whose comparison 
with that of 1892 ^ shows the great glacial retreat that has been going on in this region 
and which has been summarized by H. F. Reid.® In 1911 Glacier Bay was visited by 
the authors of this book ® who found most of the ice tongues retreating, though Rendu 
Glacier had advanced 1^ miles. In 1912 the Grand Pacific Glacier was mapped by 
N. J. Ogilvie of the Canadian Boundary Survey, who found that it retreated IJ miles 
during two months, making a new Canadian harbor.^® In 1913 Glacier Bay was 
visited by an excursion of the International Geological Congress. Afterwards the 
junior author of this book studied several of the ice tongues of Glacier Bay, finding 
that Grand Pacific Glacier had readvanced and destroyed the new Canadian harbor, 
and that the Reid, Lamplugh, and de Margerie Glaciers had also advanced. A great 
number of popular descriptions of Muir and other Glacier Bay ice tongues have been 
written.^® 

Davidson has summarized the information based upon the maps and reports of Van- 
couver, Tebenkof, and the Russian navigators and agrees with Wright and Reid that 
Muir Glacier and the other ice tongues of Glaoier Bay extended 25 to 40 miles farther to 
the south in 1794. He also refers to native legends of the greater extension of these 
glaciers.^^ 

Muir Glacier receded about 1^ miles between Muir’s observations of 1879-1880 and 
Reid’s in 1890 and the several fronts of Grand Pacific Glacier retreated from one to six 
miles. Between 1890 and 1892 Muir Glacier advanced about 800 yards, retreating 
about the same amount between 1892 and 1894. Between 1879 and 1896 Rendu and 
Carroll Glaciers retreated 2 to 4 miles. Between 1899 and 1907 Muir Glacier retreated 
about 8J miles and Grand Pacific Glacier about 8 nules. The rapid retreat of the 

» Hairiman Alaflkfl Ei 5 )edition, Vol. IQ, 1904, pp. 16-^39. 

• Nat. Geog. Mag., Vol. XIV, 1903, pp. 441-444. 

■ Joum. Geol., Vol. XVI, 1908, pp. 62-53. 

« Klotz, Otto, Geog. Joum,, Vol. XXX, 1907, pp. 419-421. 

■ Morse, Fremont, Nat. Geog. Mag., Vol. XIX, 1908, pp. 70-78. 

■ Cliart 8306. 
r Chart 8096. 

» Variations of Glaciers, Joum. Geol., Vol. IX, 1901, p. 263; X. 1902, p. 317; XI, 1903, p. 287; XII, 1904, pp. 
268-260. 

• See H. F. Reid’s Variations of Glacieis, Joum. Geol., Vol. XXT, 1913, pp. 426-420. 

“Ma rtin, Lawrence, Glaciers and International Boundaries, Scientific American Supplement, Vol. 
LXXVI, 1918, pp. 129, 186-138. 

“ Martin, lAwrence, Guide Book No. 10, Excursion , C 8, International Geological Congress, Ottawa, 
1013, pp. 121-132, and table of errata. 

“ Martin, Lawrence, The Literary Digest, Vol. XLVH, No. 1229, Nov. 8, 1913, p. 871, and thiee maps. 
“ Burroughs, John, Harriman Alaska Expedition, Vol. 1, 1902, pp, 86-48. 

Egerton, H. G., Alaska and Its Gladera, Nineteenth Century, Vol. 22, pp. 997-999. 

“ Davidson, George, Trans, and Proc. Geog. Soc. Pacific, Vol ITT, 1904, pp. 66-72. 
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recent period began just after the Harriman Expedition’s observations in June, 1899, 
and seems to have been initiated, and perhaps somewhat hastened, by the shaking during 
the severe Yakutat Bay earthquakes of September, 1899, but in large part as a result of 
the increased area of ice front exposed to iceberg discharge. The rapid retreat of Muir 
Glacier has resulted in the loss of much of its scenic beauty and in its relative inaccessi- 
bility to tourist steamers between 1899 and 1909 because of the increased amount of 
floating ice. This retreat is also dismembering the glacier systems so that the number of 
separate ice fronts is continually increasing. 

Alexander Archipelago. Chicagof, Baranof, Kruzof, Admiralty, Kupreanof , and Prince 
of Wales Islands and the smaller islands of the Alexander Archipelago seem to have all 
been glaciated but only small glaciers are known to linger upon them. Brooks shows 
two small glaciers upon Baranof Island east of Sitka ^ on one of his maps and Knopf 
has alluded to several small glaciers here.^ 

Glaciers on Pacific Coast of Fairweather Range? There are a number of ice tongues 
that flow south or west from the Fairweather Range either to Cross Sound and Icy Strait 
or to the Pacific. Among these is the Brady Glacier, a through glacier heading on the 
divide with Reid Glacier of Glacier Bay and having a length of 37 miles and a width of 

to 6 miles. It is not tidal but ends within 3 miles of Taylor Bay. It advanced 5 
miles between 1794 and 1894,^ and Muir reports that it was advancing and destroying 
trees in 1880.® 

LaPerouse Glacier is a small piedmont glacier near the base of Mt. Fairweather, and 
and the only Alaskan ice tongue that enters the open ocean and discharges icebergs at 
present. It was visited and studied carefuUy by G. K. Gilbert in June, 1899,® when 
he found that it had retreated one or two hundred yards from a forest edge into 
which it was advancing in September, 1895, as shown by a photograph from a Fish Com- 
mission vessel. The junior author on October 5, 1904, and both of us in September, 
1909, saw LaPerouse Glacier from a steamer close in shore and it had then retreated still 
farther from the forest than when Gilbert was there ten years before. The same was true 
in 1906 when the Wright brothers of the United States Geological Survey were there.' 
Between September 4, 1909, and June 10, 1910, when the junior author was fortunate 
enough to see the glacier from another vessel close inshore, the LaPerouse Glacier had ad- 
vanced across the barren zone of three to six hundred feet observed by Gilbert, plus the 
thousand feet or so of additional retreat during the ensuing ten years, and was once 
more destroying the forest on both margins, as it had been fifteen years before.® The 
glacier next east of LaPerouse had also retreated from a forest edge in 1899 but was not 
advancing in 1909 or 1910. 

1 Brooks, A. H., Professional Paper 45, U. S. Geol. Survey, 1906, PI. XII. 

> Bull. 504, U. S. Geol. Survey, 1912, pp. lO-ll. 

> U. S. Coast and Geod. Survey, Charts 3089, 8050, and 8304; Coast Pilot, Alaska, Part 1, 1908, PI. opposite 
p. 184. 

Atlas of Award, Alaskan Boundary Tribunal, Sheets 16, 16, 19. 

* Klotz, Otto, Geog. Jomn., Vol. XIV, 1899, pp. 526-^28. 

“ Reid, H. F., Variations of Glaciers, Joum. Geol., Vol. V, 1897, p. 380. 

• Harriman Alaska Expedition, Vol. HI, 1904, pp. 39-45. 

7 Personal Communication from F. E. Wright. 

B Martin, Lawrence, Gletscheruntersuch ungen lilngs der Ktlste von Alaska, Fetermanns Geog. Mitt., 
Jahrgang 1912, Augustheft, p. 78; Joum, Geol., Vol. XIX, 1911, p. 457. 
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The tidal glaciers that enter Lituya Bay have advanced to 8 miles between 1786, 
when mapped by LaPerouse, and 1894 when mapped by the Canadian Boundary 
Survey.^ Dali® thinks at least a mile of this advance was between 1874 and 1894. One 
of these glaciers advanced another half mile between 1894 and 1906.® 

Farther west is the Grand Plateau Glacier, formerly thought to be nearly as large 
as the Malaspina and Bering Glaciers. It is quite unexplored but is plainly visible from 
the steamer. It was named by LaPerouse and described by Vancouver ^ and by Dali.® 
What was erroneously mapped by the Boundary Survey in 1895 as one large piedmont 
glacier was clearly seen by the iunior author in 1913 to be at least two separate ice 
masses. 

Glaciers of the Lower AlseJc River. These ice tongues include at least one through glacier 
heading eastward on the Glacier Bay divide and a number of through glaciers heading 
westward on the divide with the glaciers of Russell Fiord. They were first seen by Glave 
who came down the Alsek River in 1890.® He described five great glaciers, of which the 
lowermost, Alsek Glacier, is the only one bearing a name. One of these is the northern 
terminus of the through glacier called Grand Pacific Glacier in Glacier Bay. At least one 
other is a through glacier whose western termini are Nunatak and Hidden Glaciers of 
Russell Fiord and Yakutat Glacier, east of Yakutat Bay. 

The Alsek Glacier and part of the glacier system west of the river were mapped by 
the Boundary Survey in 1895.^ In 1906 Blackwelder and Maddren visited, mapped, 
and briefly described the Alsek Glacier as well as the Yakutat Glacier and smaller 
ice tongues of the mountain front between Alsek River and Russell Fiord, ® several 
of which had been roughly mapped by a United States Fish Commission party in 
1901.® In 1906 and 1908 the Boundary Commission parties ascended the Alsek, 
making more detailed maps and observations of the ice tongues surveyed by Glave 
and the Canadian Boundary Survey party of 1895. They found the northern 
terminus of Grand Pacific through glacier retreating while the glacier at the upper 
canyon was advancing and crushing alder bushes. The glacier next above Alsek 
Glacier, a terminus of the Nunatak-Hidden-Yakutat through glacier system, was 2^ 
miles back from the river and thoroughly stagnant, Alsek Glacier was more active in 
1908 than in 1906. 

The ice-flooded region between Alsek River and Russell Fiord is a typical glaciated 
region, with ^1 the valleys filled with ice and many detached ridges and peaks rising above 
the glacier and snowfield.^^ It is a distance of 39 to 42 miles by the through glacier sys- 

1 Klotz, Otto, Geog. Joum., Vol. XTV, 1899, pp. 624-526. 

* Dali, W. H., in H. F. Reid’s Variations of Glaciers, Joum. Geol., Vol. VII, 1899, p. 226. 

« Wright, F. E. and C. W., Joum. Geol., Vol. XVI, 1908, p, 53. 

* Vancouver, Capt. George, Voyage of Discovery, Vol. V, London, 1801, pp. S58-S59. 

* Dali, W. H., Journ. Amer. Geog. Soc., Vol. XXVIII, 1896, p. 3. 

» Glave, E. J., Leslie’s Dlustrated Newspaper, Vol. 71, 1891; Century Magazine, Vol. XXn, 1802 , p. 880. 

1 Atlas of Award, Alaskan Boundary Tribunal, Sheet 20; PL VII, Professional Paper 64, U. S. Geol. Survey, 
1909. 

8 Blackwelder, Eliot, Journf Geol., Vol. XV, 1907, pp. 415-433. 

8 PI. XT f TTT , Bull. 21, U. S. Fish Commission, 1002. 

Morse, Fremont, and Netland, L., Joum. GeoL, Vol. XVII, 1909, pp. 669-C70; see also photographs, Nat. 
Geog. Mag., Vol. XX, 1909, pp. 697, 698. 606. 

“ Atias of Award, Alaskan Boundary Tribunal, Sheets 20 and 21. 
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tern from the unnamed second glacier of AJsek River to the terminus of Hidden or Nuna- 
tak Glacier of Russell Fiord, the vaUey glaciers averaging two to five miles in width and 
reaching elevations of from 2000 to 3000 feet on the highest divides.^ 

This region is one of glacier highways from Yakutat Bay to the Alsek over the 
Nunatak or Fourth Glaciers. Several hundred prospectors utilized the Nunatak 
(Third Glacier) route in 1898, among them the Messrs. Hill from whose sketches 
the United States Geological Siurvey has compiled a map,^ which shows the seven 
or more great valley glaciers reaching the western or Kaskawulsh branch of Alsek 
River, and the otherwise imexplored glaciers east of Mounts Seattle and Hubbard. 
A complex system of through glaciers connects the Upper Alsek glaciers with the 
Nunatak and Hubbard Glaciers of the Yakutat Bay region, the distance over the ice. 
being forty miles or more. 

Glaciers of Yakutat Bay and Mt St. Elias. The Hidden, Fourth, Nunatak, Variegated, 
Hubbard, Haenke, Turner, Black, Galiano, Atrevida, and Lucia Glaciers of Yakutat 
Bay, Disenchantment Bay, and Russell Fiord, and the Hayden, Marvine, Seward, Agassiz, 
Libbey, Tyndall, and Guyot tributaries of Malaspina Glacier are to be so fully described 
in later chapters that they will not be further disciissed here. 

Glaciers North of the St. Elias Range. Throughout this loftiest part of the St. Elias 
Range, 10,000 to 19,000 feet, whose glaciers are stiU largely unexplored, there is an intri- 
cate system of through glaciers filling the valleys and passes. For 140 miles from Alsek 
to Copper River no one has ever yet crossed the range. A striking feature is the smaller 
number and size of glaciers on the north or leeward side of the range in contrast with the 
great number of large glaciers that cover the south or windward side in the Yakutat Bay 
and Mt. St. Elias regions. 

These ice-filled valleys of the main St. Elias Range include unexplored through glacier 
systems that extend from Yakutat Bay to the upper Alsek as well as to the headwater 
regions of the White, the Tanana”, and the Copper Rivers. The Abruzzi party in 1897 
named the Colombo, A. Q. Sella, and other glaciers north of Mt. St. Elias.® The Kaska- 
wulsh or O’Connor or Slims River Glacier is perhaps the northern terminus of the Hub- 
bard through glacier system.^ Its two streams flow one to the Alsek and directly to the 
Pacific Ocean, the other to White and Yukon Rivers and Bering Sea. In 1899 and 1904 
Kaskawulsh Glacier was retreating.*^ Other north-flowing ice tongues of the St. Elias 
Range are the two Donjek River glaciers, 20 to 23 miles long, the IQutlan Glacier, and 
the Russell Glacier, shown on several maps ® and briefly described by Hayes in 1891,^ 

I Unpublished Map, 1906, Sheet 2846, Archives U. S. Coast and Greodetic Survey. 

I Alsek River Region, 1 : 360,000, 1905, unpublished. 

• The Ascent of Mt. St. Elias, London, 1000, pp. 166-160. 

* Map of Kluane, TOiite, and Alsek Rivers, Yukon Terr., Dept, of Int., Canada, 1905. 

> Brooks, A. H., 21st Ann. Rept., U. S. Geol. Survey, Part B, 1899-1900, PI. XUB, PI. XLV A, and p. 364, 

McConnell, R. G., the Kluane Mining District, Geol. Survey of Canada, Ann. Rept., 1904, Vol. XVI, 
pp. 2A, 9A, lOA, and Map 894. 

« Nat. Geog. Mag., Vol. IV, 1892, PI. 20. 

21st Ann. Rept., U. S. Geol. Survey, 1899-1900, Part 11, PI. XLm. 

Map of Kluane, White and Alsek Rivers, Yukon Terr., Dept, of Int., Canada, 1906. 

Professional Paper 41, U. S. Geol. Survey, PI. XX. 

Chitina Quadrangle, Map 601, Alaska, U. S. Geol. Survey; Nizina Special Quadrangle, Map 601B, Alaska, 
D. S. Geol. Survey. 

T Hayes, C. W., Nat. Geog. Mag., Vol. IV, 1892, pp. 161-164. 
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by Brooks in 1899 ^ and by Moffit and Capps in 1908,^ during whicli time they have ap- 
parently been retreating uniformly. Logan Glacier, northwest of Mt. St. Elias at the- 
headwaters of the Chitina Eiver, was discovered by the Boundary Survey in 191 ^’ 
when it was advancing. 

Glaciers of the Wrangell Mountains, One of the most compact systems of Alaskan> 
glaciers is that upon the Wrangell Mountains, 10,000 to 16,000 feet, where the Drop,. 
West, Copper, Jacksina, Nabesna, Chisana, and minor glaciers flow northward, while 
the Frederika, Nizina, Bohn, Regal, Kennicott, Kuskulana, Kluvesna, Long, Cheshnina,. 
Chetaslina, Dadina, Nadina, and others flow south. Nabesna Glacier is 55 miles long 
and miles wide. Kennicott Glacier is 19 miles long and 2 to 8 miles wide. These 
glaciers have been partly or wholly described and mapped by Hayes in 1891, Rohn 
in 1899, Schrader and Spencer in 1900, Mendenhall and Schrader in 1902, Moffit, 
Maddren, and Capps in 1907 and 1908, and Dunn in 1908,® the latter being the first 
to ascend the 14,000 foot, snow-sheathed active cone of Mt. Wrangell. The snowfields 
of these glaciers nearly cover the Wrangell Mountains, which include four volcanoes, 
Mts. Wrangell, Drum, Sanford, and Blackburn. The lower portion of Kennicott 
Glacier and several adjacent ice tongues were accurately mapped in 1908 by D. C. 
Witherspoon and described by F. H. Moffit and S. R. Capps.* In 1911 and 1912 
several of these glaciers were traversed by Miss Dora Keen in her ascent of Mt. 
Blackburn.® 

The radial consequent glaciers of Mt. Sanford are notable, as is the un s ymmetrical 
glacier drainage development on Mt. Wrangell, where it has been supposed that the 
greater heat on the steeper west side of this active volcano results in melting away the 
western glaciers. Some of the recent lavas overlie glacial deposits but have been them- 
selves glaciated since cooling. Nabesna and Chisana Glaciers, northeast of Mt. 
Wrangell, were retreating in 1898, but Nizina and Russell Glaciers advanced between 
1899 and 1908. Frederika Glacier was advancing when seen by Hayes in 1891 but 
had begun to recede before the visit of Moffit and Capps in 1908, while the small 
glacier opposite it was then advancing. 

1 Brooks, A. H., 21st Ann. Kept., U. S. Geol. Survey, 1899-1900, Part II, p. S64 and PI. I. 

* Capps, S. R., Journ. Geol., VoL XVIII, 1910, pp. 48-^55. 

> Hayes, C. W., Nat. Geog. Mag., Vol. IV, 1892, pp. 163-154, and map, PL 20. 

Schrader, F. C., 20th Ann. Rept., U. S. Geol. Survey, 1900, p. 377. 

Rohn, Oscar, Copper River R 2 q)loring Expedition, Narratives of Ei^lorations in Alaska, Washington, 1900, 
pp. 791, 799-801, 820; 21st Ann. Rept., U. S. Geol. Survey, Part 11, 1900, pp. 406-407, and map, PI. LII. 

Schrader, F , C. and Spencer, A. C., House Doc. 646, 56tli Congress, 2d Session, Washington, 1900, pp. 31-^2, 
68-61, 70-81 and map, PL II. 

Mendenhall, W. C. and Schiader, F. C., Professional Paper 15, U. S. Geol. Sniv^, 1903, PI. TTT. 

Mendenhall, W. C., Professional Paper 41, U. S. Geol. Survey, 1905, pp. 18, 62-72, 88-90, and map. Pis. 
XIX and XX. 

Mendenhall, W. C., Nat Geog. Mag., Vol. XIV, 1908, pp. 395-107. 

Moffit, F. H. and Maddren, A. G., Bull. 374, U. S. Geol. Survey. 1909, pp. 37-42, and map. Pis. I, n. 

Dunn, Robert Harper’s Magazine, Vol. XCVHI, 1909, pp. 479-^509. 

Cipps, S. R., Joum. Geol., Vol. XVm, 1910, pp. 83-57; Sdence, N. S.. Vol. 30, 1909, p. 974; Joum. Geol., Vol. 
XVm, 1910, pp. 359-875; Bull. 417, U. S. Geol. Survey, 1910, pp, 36-42. 

See also photographs, Nat Geog. Mag., Vol. XX, 1909, pp. 612, 617, 618, 620, 621. 

‘Bull. 448, U. S. Geol. Survey, 1911, PL n and pp, 43-59. 

•Keen, Dora, Scribner’s Magazine, Vol. 62, 1912. pp. 64-80; Ladies’ B[ome Journal, Vol. 80, August 
1918, p. 7. 
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Glaciers of the Eastern Chugach Mountains. The Chugach Mountains are a part of 
“the St. Elias Range, forming the Coast Range westward from Malaspina Glacier to Cook 
Inlet, and are from 6000 to 10,000 feet in altitude. The Bering Glacier, a large piedmont 
-glacier just west of Mt. St. Elias, and largely imexplored, is fed by unnamed tributaries 
Irom the south side of the Chugach Mountains and descends nearly to sea level, being 
fringed by a border of outwash fans from Yakataga to Controller Bay. Its area is prob- 
ably between 1000 and 1500 square miles. 

Sir Edward Belcher described some of the features of Bering Glacier in 1837,^ and Seton 
Karr observed it in 1886.® Its general position has been shown upon several maps ^ 
•and its western portion was carefully mapped ^ and described in 1903-1906 by Martin * 
who also briefly described the adjacent Martin River Glacier, the Slope Glacier and the 
43 mall glaciers of Ragged Mountain near Katalla. 

Glaciers of the Lower Copper River. The Miles, Childs, Sheridan, and adjacent glaciers 
of the front of Chugach Mountains and lower Copper River are not discussed here be- 
cause described fully in later chapters. 

Farther up Copper River the glaciers on the north side of the eastern Chugach Moun- 
^tains are largely unexplored. One of them is Tana Glacier of the Nizina headwaters, 
3 , small north or leeward-slope glacier, which forms a striking contrast to the great Bering 
Glacier of the south slope. Schwan and Woodworth Glaciers ® drain into the Copper by 
Tasnuna River^ and there are smaller ice tongues as at Cleave Creek, Worthington 
Glacier, east of Valdez, the ice tongues at the head of Bremner River, and many 
others. 

Glaciers of Prince William Sound. The Valdez, Shoup, and Columbia Glaciers, and the 
ice tongues of College Fiord, Harriman Fiord and other portions of Prince William 
Sound are to be fully described in later chapters. 

Glaciers North of the Chugach Mountains. As in the case of the main St. Elias Range 
this part of the same range shows fewer ice tongues on the north or leeward side than those 
“that descend on the ocean side to Prince William Sound. Many of them are of good size, 
however, as the Knik, Matanuska, Tazlina, and others. These glaciers were first mapped 
and described by Mendenhall and Glenn in 1898, by Martin in 1905 and by Paige an d 
Knopf in 1906.® Several of the larger ones may be through glaciers connecting with 

1 Quoted by Blake, Amer. Joum. Sci., 2d series, Vol. XLITE, 1867, pp. 100-101, and by Daridaon, Trans. 
And Proc. Geog. Soc,, Pacific* Vol. HI, 1904, pp. 42-43. 

* Seton Karr, H. W., Proc. Roy. Geog. Soc., Vol. IX, 1887, pp. 269, 274, 276; Shores and Alps of Alaska, 
London, 1887, pp. 18a-142. 

* U. S. Coast and Geod. Survey, Charts 8602 and 8613. 

U. S. Geol. Survey, Bull. 335, 1908, PI. I. 

* Map of Controller Bay Region, No. 601 A, U. S. Geol. Survey, also in Bull. 336, PI. II. 

Oiitinft Quadrangle, Map 601, XJ. S. Geol. Survey; also in Bull. 374, PI. I. 

* Martin, G. C., Bull. 250, U. S. Geol. Survey, 1906, pp. 16-17; Bull. 835, 1908, pp. 16, 46-54, 64-66, and map. 
Pis. n and V. 

« Schrader, F. C., 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1899, pp. 362, 364, 396-398 and map. Pis. 
t20 and 21. 

? Chitina Quadrangle, Map 601, U. S. Geol. Survey; also in Bull. 874, PI. I. 

B Miendenhall, W. C., 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1900, pp. 826-827 and map. No. 16. 

Glenn. E. F., War Dept., Adj. Gen. Office. No. XXV, 1899, p. 68 and map in pocket. 

Martin, G. C., Bull. 289, U. S. Geol. Survey, 1900, pp. 7, 16, and map, PI. I. 

Paige, S. and Knopf, A., Bull. 327, U. S. Geol. Survey, 1907, pp. 83-37 and map, PI. I. 
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the ice tongues of Prince William Sound, Tazlina Glacier perhaps connecting with 
Columbia Glacier, Matanuska Glacier with Harvard and Yale Glaciers, and Knilr 
Glacier with Barry or some other glacier of Harriman Fiord. 

Just north of the Chugach Mountains are the Talkeetna Mountains, 5000 to 750Q 
feet high, within which are a series of smaller glaciers, the Chickaloon, Talkeetna, and 
others, observed by soldiers accompanying Captain Glenn,^ by Martin,^ and by Paige 
and Knopf, and shown on the same maps as those of the northern Chugach. 

Glaciers of the Kenai Peninsula. The Kenai Mountains, which continue the Chugach 
Mountains to the southwest and form the west end of the St. Elias Range, rise to heights 
of 6000 to 7000 feet and send valley glaciers east to Prince WiUiam Sound, south to the 
Gulf of Alaska, and west toward Cook Inlet. There are many tidewater glaciers in west- 
ern Prince William Sound and on the south of the Kenai Mountains, but none that dis- 
charge directly into Cook Inlet on the west. 

The ice tongues of western' Prince William Sound include the Portage Glacier, the 
glaciers of Blackstone Bay, Port Nejlie Juan, and Icy Bay. There are glaciers on 
the south side of Kenai Peninsula in Port Bainbridge, Fairfield and Days Harbors, 
Resurrection Bay, Aialik and Nuka Bays, and Port Dick. In the interior of the 
peninsula small glaciers discharge into Glacier River,® into the stream feeding Lake 
Skilak, and into Lake Tustumena, In the southwestern part of the peninsula the 
Grewingk, Wosneasenski, Doroshin, and Southern Glaciers descend nearly to Kache- 
mak Bay and Cook Inlet. Several of these are through glaciers, as the Portage Gla- 
cier of Passage Canal and Tumagain Arm, the Southern Glacier of Tutka Bay and 
Port Dick, etc. 

A number of the glaciers of the south coast of Kenai Peninsula were discovered by the 
Russians and are shown on Tebenkof’s chart of 1849. Those in western Prince William 
Soun^d were mapped by Vancouver’s lieutenant, Whidbey, in 1794 ^ and by Applegate in 
1887.® The glaciers of Kachemak Bay were visited by Dali in 1880, by Dali,® Becker and 
Curtiss ^ in 1895, and by Gilbert and the Harriman Expedition in 1899.® Grewingk 
Glacier retreated about 250 feet between 1880 and 1895, and 350 feet between 1895 and 
1899. 

Dali and Becker ® have alluded to the evidences of former glaciation in Kodiak 
and Wood Islands, the westward extension of the Kenai Mountains, as amplified later by 
Gilbert.^® No glaciers are known on Kodiak Island. 

1 MathySp F. and Bagg, J, S„ Compilatioii of Narratives of Exploration in Alaska, Washington, 1900, pp. 
681, 682-68S. 

» Martin, G. C. and Katz, F. J., Bull. 600, U. S. Ged- Survey, 1912, pp. 25-26, 67-72. 

* Tarr, K. S. and Martin, Lawrence, An Effort to Control a Glacial Stream, Annals Assoc. Amer. Geog., 
Vol. n, 1912, pp. 25-40. 

* Vancouver, Capt. George, Voyage of Discovery, London, Vol. V, 1801, pp. 813-814. 

D Davidson, George, Trans, and Proc. Geog. Soc., Pacific, Vol, HE, 1904, pp. 18-20, 22-28, and Maps IV 
andV. 

» DaJl, W. H.. Joum. Amer. Geog. Soc., Vol. XXVBI. 1896, p. 16; 17th Ann. Kept., U. S, Geol. Survey, Part 
1. 1896, PI. LI; ISth Ann. Kept., U. S. GeoL Survey, Part HI, 1898, PI. XDI; Coast and G^d. Survey, Chart 
8651; Variations of Glaciers, Joum. Geol,, Vol. V, 1897, p, 381. 

T Curtiss, F. H., in H. F. Reid’s Variations of Glaciers, Joum. Geol,, Vol. VI, 1898, pp. 476-476. 

» Gilbert, G. K., Harriman Alaska Expedition, Vol. IH, 1904, pp. 97-102. 

* Becker, G. F., 18th Ann. Kept., U. S. Geol. Survey, Part HI, 1898, pp. 69-60. 

“ Harriman Alaska Expedition, Vol. HI, 1904, pp. 177-182. 
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Some of the glaciers of the interior of Kenai Peninsula ^ were observed by Mendenhall 
in 1898 and Moffit in 1904.^ In 1908 and 1909 Grant mapped the fronts of many of the 
glaciers of eastern and southern Kenai Peninsula.^ The former were studied in 1910 by 
the junior author of this book, and are described in later chapters. 

The Alaska Range 

Olaciers of the Nutzotin and Mentasta Mountains. The eastern end of the Alaska RaAge 
includes the Nutzotin and Mentasta Mountains which rise to heights of 5000 to 10,000 
feet. Being relatively low and in a region of low precipitation, because in the lee of the 
higher Chugach and Wrangell Mountains of the St. Elias Range, they nourish only a few 
small glaciers, some of which were seen by Brooks in 1899,® by Schrader and Witherspoon 
in 1902 * and by Moffit, Knopf, and Capps in 1908.® 

Glaciers of the Co'p'per River Headwaters. The region between Mt. KimbaU and Mt. 
Hayes in the Alaska Range rises to heights of from 8000 to 13,000 feet. It must receive 
more snowfall than the same range farther to the east, in the lee of Wrangell Mountains, 
for it has large snowfields and sends good-sized glaciers southward into the Copper River 
valley and smaller ones northward into the drainage basin of the Tanana and Yukon. 
These ice tongues include the Chistochina, West Fork, Gakona, Gulkana, Canwell, and 
Cas^ner Glaciers. The first three glaciers drain to Copper River and the Pacific Ocean, 
the last two to the Tanana and Yukon Rivers and Bering Sea, while Gulkana Glacier 
sends one stream each way. 

Gakona Glacier is a simple, single, consequent, valley glacier 13 miles long and 3 miles 
wide and with its direction of flow at right angles to the axis of the Alaska Range. West 
Fork Glacier is similarly simple. East of Mt, Kimball is a series of three small consequent 
valley glaciers, each about five miles long, which enter an east-west valley parallel to 
the axis of the range. The easternmost of the three glaciers turns eastward in an un- 
symmetrical piedmont bulb a mile long, draining to Slana River. The westernmost 
similarly turns westward in a one-sided piedmont bulb a mile long, draining to the Middle 
Fork of Chistochma River. The middle glacier makes a symmetrical bulb whose drain- 
age also goes westward under the last-named glacier. These are consequent valley 
glaciers terminated by piedmont bulbs which divide a subsequent valley into two 
compartments. 

West of these little glaciers is Chistochina Glacier, a piedmont through glacier in a 
later stage of development. It heads in two valleys, Middle and West Forks of Chisto- 
china River. It is 10 miles long, a mile and a half to two miles wide and extends east 
and w^t paralleling the axis of the Alaska Range, from which it is fed by seven con- 
sequent valley glaciers two to four miles long, and by four smaller tributaries from the 
lower hills on the south. This seems to be a subsequent glacier. 

1 Mendenhall, W. C., 20th Ann. Rept., TJ. S. Geol. Survey, Part VII, 1900, pp. S28--329. 

Moffit, F. H., BulL 277, U, S. Geol. Survey, 1900, pp. 31-32 and map, PI. 11. 

> Grant, U. S. and Higgins, D. F., Coastal Glaciers of Prince William Sound and Kenai Peninsula, Bull. 
526, XJ. S. Geol. Survey, 1913, pp. 62-72, see Bull, 879, U. S. Geol. Survey, 1009, PI. IV; Joum. Geol., Vol. 
XV n, 1909, pp. 670-671, and Bull. Amer. Geog. Soc., Vol. XLHI, 1911, pp. 721-787. 

• Brooks, A. H.j 21st Ann. Rept., U. S. Geol. Survey, Part 11, 1901, p. 364. 

* Professional Paper 41, U. S. Geol. Survey, 1905, PI. XX. 

» Moffit, F. H. ^d Knopf, A., Bull. 379, U. S. Geol. Survey, 1909, pp. 162, 169. 

Capps, S. R., Joum. Geol., Vol. XViU, 1910, p. 36. 
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The Canwell and Castner Glaciers were seen and mapped by Mendenhall and Glenn in 
1898,^ and briefly visited by the authors of this book in 1911. Those to the east were 
mapped and described by Mendenhall and Gerdine in 190^.® West of the Canwell and 
Castner Glaciers, which terminate in the valley of Delta River, are a number of large 
ice tongues near Mt. Hayes. They have been mapped by the U. S. Geological Sur- 
v^. Those on the southem side of the Alaska Range have been briefly described by 
Moffit® and those on the northern side by Capps.^ 

Glaciers of the Mt. McKirdey Region. This portion of the Alaska Range, between Mt. 
Hayes and Lake Clark, averages 7000 to 10^000 feet throughout its length and rises to 
17,000 in Mt. Poraker and ^0,300 feet in Mt. McKinley, the latter being the highest 
peak in North America. The east end, near Mt. Hayes, is largely unexplored; the west 
end has only small glaciers; but the central portion, near Mt. McKinley, supports some 
large valley glaciers. Those on the southeast slope are larger than those on the northwest. 
The ice tongues on the northwest include the Herron, Rearburn, Shainwald, Peters, 
Muldrow, and Harvey Glaciers. On the southeast side are the Pidele, Ruth, Kahiltna, 
Tokichitna, Caldwell, Pleishmann, Hayes, Stoney, and many unnamed glaciers. 
Several of these glaciers on the south are 30 or 40 miles long. 

These glaciers have been observed and mapped by Dickey in 1897, Eldridge, Muldrow, 
and Spurr in 1898, Herron in 1899, Brooks in 1902, Cook and Dunn in 1903, Cook, Par- 
ker, and Porter in 1906.® AH have been retreating so far as observed. Several were 
utilized as highways by Dunn and Parker in their unsuccessful attempts to climb Mt. 
Mc Kinl ey in 1903 and 1906, as well as by Parker and Brown and by Stuck in their 
successful ascents of the mountain in 1912 and 1913. 

Alaska PENmauLA and Aleutian Islands 

Glaciers of the Chigmit Mountains. These low mountains, 2000 to 5000 feet, have 
large glaciers practically only w'here volcanoes rise to a suflBcient height to have snoW- 
fields. Of these active volcanoes Mts. Redoubt and liiamna, 11,000 tad 12,000 feet 

1 MendeailiaH W. C., J20th Ann, Kept, U. S, Geol. Survey, Part VII, 1901, pp. 327-8JB8, 330-381, and Map 
16; also photograpli, Nat. Geog. Mag., VoL XX, 1909, p. 616. 

Glenn, E. F., War Dept., Adj. Gen. office, No. XXV, 1899, pp. 1-72 and map. 

* Professio nal Pa per 16, U. S. Geol. Survey, 1903, p. 68 and PL IX; Professional Paper 41, 1006, pp. 89-90, 
and map, PI. XIX. 

* Moffit, P. H.. Bull. 498, U. S. Geol. Survey. 1912, pp. 89-46, 51-68, and PL I. 

* Capps, S. R., Bull. 601, U. S. Geol. Survey, 1912, pp. 34-41, and PI. I, Joum. Geol., Vol. XX. 1912, 

pp. 428-430, 482-8. 

■ Dickey, W. A., Nat. Geog. Mag., Vol. VHT, 1897, pp. 322^27. 

Eldridge, G. H., 20th Ann. Kept, U. S. Geol. Survey, Port VIE, 1900, p. 8, and Map No. 3. 

Muldrow, R., Nat. Geog. Mag., Vol. XII, 1901, pp. 812-318. 

^uiT, J. E., 20th Ann. Rept, U. S. Geol. Survey, Part VH, 1900, pp. 262r-268, and Maps 6 and 12. 

Herron, J. S., War Dept., Adj. Gen. Office, No. XXXI, 1901, pp. SO, 49, and map. 

Brooks, A. H., Science, N. S., VoL XVI, 1902, pp. 985-986; Nat. Geog. Mag., Vol. XIV, 1903, pp. 30-36; 

Smithsonian Kept, for 1903, pp. 407-426; Professional Paper 46. TJ. S. Geol. Survey, 1906, map, PI. XI; 
Prof. Paper 70, U. S. Geol. Survey, 1911, pp, 126-128, 184-136. 

Dunn, Robert, The Shameless Diaiy of an Explorer, New York, 1907, two maps. 

Parker, H. C., Review of Reviews, Vol. XXXV, 1907, pp. 49-68. 

Porter, R. W., Reconnaissance Map of the Region South of Mt. McKinley, including the Yentna Mining Dis- 
trict, U. S. Geol. Survey, 1910. 

Capps, S. R., Bull. 684, U. S. Geol. Survey, 1913, pp. 36-45 and PL II. 
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respectively, maintain good-sized glaciers. There are, however, minor glaciers in 
the mountains proper, including the several small ice tongues that drain to Lake Clark, ^ 
and doubtless others; and there may be many more, as the cirques in the mountains 
east of Hiamna Lake® testify. 

A Coast Survey chart shows a large tidal glacier in Redoubt Bay® half way up the 
west side of Cook Inlet, but no description of it has been printed. West of Mt. 
Redoubt, which doubtless has other glaciers, there are five glaciers upon Mt. Diainna, 
several of which were seen by Dali in 1895 * and also observed by the junior author in 
1904. These include one a mile wide, at the head of Tuxedni or Snug Harbor, which was 
stagnant and moraine-covered in 1904, two on its east slopes, one a double glacier with 
a red moraine, the other with trees growing upon it, another near Chinitna Bay, and still 
another whose presence was known by its milky glacier stream; there are also several 
glacierlets on the St. Augustine volcano. 

Glaciers of the Alaska Peninsvla. Several glaciers descend from the east slope of 
Mt. Douglas, at least six of which were seen by DaU and Becker in 1895.® The Coast 
Survey chart ® shows some of the glaciers upon the slopes of Mt. Douglas. In 1904 the 
junior author observed several of the glaciers in this part of the Alaska Peninsula. There 
were three large glaciers on the north slope of Mt. Douglas, 11,000 feet, the easternmost of 
which then ended a mile from sea level at an elevation of 150 feet. Six other large gla- 
ciers were seen upon the east and southeast slopes of Mt. Douglas, the large one just west 
of Cape Douglas having a bulb five or six miles wide and projecting 3 or 4 miles from the 
coast, although not discharging icebergs in 1904 because mantled with moraine at the 
terminus. Southwest of Cape Douglas is a large glacier with a remarkably sinuous medial 
moraine. The large glacier of Hello Bay was seen from a distance. All these glaciers 
seemed to be retreating in 1904. Pavlof Mountain has a large glacier seen in 1908 by At- 
wood,^ who has also described the former glaciation of the adjacent islands and mainland. 

On Katmai Pass, across the Aleutian Mountains of Alaska Peninsula, three or more 
small glaciers were seen by Spurr in 1900,® the larger ones being on the northwest side. 
South of Kialagvik Bay are three glaciers shown by Davidson ® to be upon a map made by 
Vasilieff in 1831-1832 and seen by Dali in 1895 and by the junior author from the 
steamer in September, 1904. 

Glaciers of the Aleutian Islands. A few of the snow-capped volcanoes of the Aleutians 
are known to have radiating glaciers. There are ice tongues upon the slopes of Mts. 
Shishaldin, Round Top, and Isanof or Isanotski on Unimak Island, showing clearly in 
the photographs published by Westdahl.^ The glacier of Mt. Makushin on the island of 

1 Osgood, W. H., Nat. Geog. Mag., Vol. XV, 1004, pp. 326-^381. 

• Martin, G. C. and Katz, T. J., Bull. 485, U. S. Geol. Survey, 1912, pp. 14-15, 82-94. 

« CJoast and Geod. Survey, Chart 8502, 1908. 

« Dali, W- H., Joum. Amer. G^g. Soc., Vol. XXVHI, 1896, p. 11. 

■ DaU, W. H., Joum. Amer. Geog. Soc., Vol. XXVTH, 1896, pp. 8-9; 18th Ann. Kept., U. S. Geol. Survey, 
Part m, 1898, PI, XIV. 

• U. S. Coast and Geod. Survey, Chart 8502, 1908. 

» Atwood, W. W., Bull. 407, U. S. Geol. Survey, 1911, pp. 18, 84-91. 

• Spurr, J. E., 20th Ann. Kept., U. S. Geol. Survey, Part TO, 1900, pp. 254-255, and Map 11. 

• Davidson, George, Trans, and Proc. Geog. Soc., Pacific, Vol. HI, 1904, pp. 15^-18, and Maps I and II. 

« DaU, W. H., Joum. Amer. Geog. Soc., Vol. XXVHI, 1890, p. 17. 

Westdahl, F., Nat. Geog. Mag., Vol. XTV, 1908, pp. 91-99. 
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Unalaska was visited by Theodore Blake in 1867,^ under the direction of Davidson.^ 
When visited by Jagger in 1907 it showed no signs of retreat, nor did the glaciers on the 
island of Atka.® In 1889 Russell ^ visited Unalaska and concluded that there had been 
no general glaciation of the Aleutian Islands, although local glaciers had existed. 

Central Plateau and Beeing Sea 

Yukon and Kmlcokivim Valleys. The lack of former glaciation in the Central Plateau 
of Alaska was established by Dali,® Dawson,® McConneU,’ Russell,® Hayes,® Spurr,^° 
Tyrrell,^^ Brooks,^® and others. Detailed topographic maps and geological investiga- 
tions have failed to show existing glaciers within most of thtg great area, but that they 
were formerly present east of the Klondike district and in the upper Lewes, Teslin, Pelly 
and Macmillan Rivers is abundantly proved. In the region between the Tanana and 
Yukon Rivers the prospectors “Annual glaciers” referred to by Spurr,^® Barnard 
and Prindle seem to be only long-lived snowbanks that melt before the summer is over. 
One region where these are abundant is called Glacier Mountain. Streams in the 
interior of Alaska which freeze solid and then overflow and freeze again are also 
known locally as “glaciers.” The photographs from the Yukon-Tanana region show 
cirque-like amphitheatres at the heads of many streams and it seems likely that local 
glaciers formerly existed. This part of the Central Plateau rises to heights of 8000 to 
6000 feet but has an annual precipitation of only 12 inches. 

In part of the region between the Yukon and Koyukuk Rivers Mendenhall has 
shown conclusively that there has been no glaciation but in another area between 
these rivers Ealdn found evidence of local glaciation in 1918, 

In the Kuskokwim Mountains which rise to 4500 feet above sea level, there were for- 
merly local glaciers, in a small area recently described by Maddren,” who finds cirques, 
moraines, and other conclusive evidence. 

1 Houfle Extra Doc. 177, 40th Congress, 2d Session, 1868, p. 823. 

a Davidson, George, Trans, and Proc. Geog. Soc., Pacific, Vol. HI. 1904, pp. 0-11; Appalachia, Vol. IV, 1884. 

■ Joiim. GeoL, Vol. XVI, 1008, p. 668. 

< Bull. GeoL Soc. Amer., Vol. I, 1890, pp. 1S8-180. 

* Dali, W. H., Amer. Joum. Sci., VoL XLV, 1868, p. 99. 

■ Dawson, G. M., GeoL and Nat. Hist. Survey Canada, Ann. Rept., VoL m. Part 1, 1889, p. 164B. 

'f McConnell, R. G., Bull. GeoL Soc. Amer., Vol. I, 1890, pp. 548-544. 

■ Russell, I. C., Surface Geology of Alaska, Bull. Geol. Soc. Amer., Vol. I, 1890, pp. 140-141. 

» Hayes, C. W., Nat Geog. Mag., Vol. IV, 1892, pp. 155-159 and Pis. 19 and 20. 

“ Spurr, J. E., 18th Ann. Rept., U. S. Geol. Survey, Part m, 1897, p. 270. 

Tyrrell, J. B., Bull. Geol. Soc. Amer., VoL X, 1899, pp. 195-198. 
i* Brooks, A. H., 20th Ann. Rept, U, S. Geol. Survey, Port VII, 1000, p. 474; 21st Ann. Rept., U. S. Geol. 
Survey, Part H, 1901, pp. 864-365; Maps and Routes of Exploration in Alaska in 1898, Spec^ Publication, 
U. S. Geol. Survey, 1900, pp. 69, 91. 

1* Spurr, J. E., 18th Ann. Rept., U. S. Geol. Survey, Part m, 1898, pp, 820-823. 

1* Barnard, E. C., Maps and Descriptions of Routes of Exploration in Alaska in 1808, Special Publication, 
U. S. Geol. Survey, 1899, p. 79. 

IS Prindle, L. M., Bull. 875, U. S. Geol. Survey, 1909, p. 12. 

“ Mendenhall, W. C., Professional Paper 10, U. S. Geol. Survey, 1902, pp. 45^6. 

Ealdn, H. M., personal communication. 

« Maddren, A. G., The Innoko Gold-Placer District Alaska, Bull. 410, U. S. Geol. Survey, 1910, pp. 18-15, 
58-60. 
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The Ahiclun Mountains. The Ahkiun or Okliine Mountains, a small group north of 
the Alaska peninsula near Bristol Bay are reported by Spitrr ^ to still retain glacierlets, 
the one in cirque on Mt. Gratia being specifically mentioned. The mountains had 
previously been more fully occupied by local glaciers. 

Islands of Bering Sea. In the shallow Bering Sea none of the islands, St. Lawrence, 
Nunivak, HaU, St. Matthew, and the Pribilof Islands, all of which are low and in a region 
of low precipitation, contain glaciers, and none seem to have ever been glaciated.® 

The Rocky Mountains 

Glaciers of the Endicott Mountains. The Rocky Mountains of northern Alaska, 
which reach an elevation of 5000 to 7000 feet in a latitude north of the Arctic 
circle, have an annual precipitation of only 6 to ^12 inches and, therefore, maintain 
only small glaciers. One stagnant, dying glacier can be definitely referred to, an 
isolated d6bris-covered block observed in 1901 by Schrader and Peters * in the middle 
of the John River valley near the divide in latitude 68® north. It was then a 
detached circular mass 300 feet in diameter and 60 feet high. Schrader ^ speaks of 
other small glaciers seen by prospectors in the eastern part of the Endicott Moun- 
tains. Mendenhall reports the western Endicott Mountains as formerly glaciated,® 
and Maddren has described the present ice tongues and the former glaciation of the 
eastern Endicott Mountains, both in the part near the Hodzana Highland and Chand- 
alar River® and in the region along the 141st meridian^ between Porcupine River and 
the Arctic Ocean. 

Baird Mountains. The Baird Mountains, which form the western extension of the 
Endicott Mountains, contain small glaciers, for they are from 2000 to 3000 feet high, 
higher than the mountains of Seward Peninsula, farther south, which still have small 
ice remnants. Smith ® has described several of thesmall ice tongues and discussed the 
former glaciation. It seems quite certain that Baird Mountains were formerly exten- 
sively glaciated, for these moxmtam valleys must have fed the great valley glacier which 
extended down Kobuk River to the Bering Sea.® 

Glaciers of the Seward Peninsula. Small glaciers are known to exist in the mountains 
of Seward Peninsula, which are 1800 to 2500 feet high, and receive 20 to 25 inches of pre- 
cipitation yearly. The region is proved to have formerly had much more extensive 

1 Spiirr, J. E., 20th Ann. Kept., TJ. S. Geol. Survey, Part VII, 1900, pp. 253-^4 and Map No. 10. 

* Dali, W. H., Alaska and its Resources, Boston, 1870, p. 462. 

Muir, John, Report of the Cruise of the U. S. Revenue Steamer Corwin in the Arctic, 1881, pp. lSS-146. 

Dawson, G. M., Geological Notes on Some of the Coasts and Islands of Bering Sea and l^cinity; Bull. Geol. 
Soc. Amer., Vol. V, 1894, pp. IIT-^WO, 

Stanley-Brown, J., Geology of the Pribilof Islands: Bull. Geol. Soc. Amer., Vol. IH, 1892, pp. 496-500. 

Nordenskiold, A. E., The Voyage of the Vega, New York, 1882, pp. 588-^86, 669. 

Gilbert, G. K., Glaciers and Glaciation; Horriman Alaska Expedition, Vol. HE, 1904, pp. 186-194. 

■ Schrader, P. C. and Peters, W. J., Professional Paper 20, U. S. GeoL Survey, 1904, pp. 84-91. 

< Same, pp. SO and 91. 

* Mendenhall, W. C., Professional Paper 10, U. S. Geol. Survey, 1902, pp. 46-48. 

•Maddren, A. G., BuU. 682, U. S. Geol. Survey, 1918, pp. 60-67. 

7 Ihid, personal communication. 

> Smith, P. S., Bull Geol. Soc. Amer. Vol., 28, 1912, pp. 668-570. 

■ Hershey, 0. H., Joum. Geol., VoL XVU, 1909, pp. 88-91. 
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valley gladers, as is testified by cirques, hanging valleys, transported bowlders, etc., 
in the Kigluaik, Bendeleben, York, Cape, and Ear Mountains. This is chiefly the result 
of studies by Brooks/ Collier, Smith, Eakin and MoJffit. 

The GliAciation op Alaska 

The phenomena of former glaciation in Alaska have been treated incidentally in the 
preceding pages dealing with existing glaciers, and more fully in some of the reports 
there cited. Several reports, referred to below, have dealt especially with the general 
phenomena of Alaskan glaciation. 

After Russell’s visit to Alaska in 1889 he wrote his Notes on the Surface Geology 
of Alaska,* pointing out that northwestern North America had not been buried be- 
neath a continental glacier when northeastern North America was ice-covered, but 
that in the appropriate part of Alaska “the ice age still lingers.” At about the same 
time Dawson was writing his suggestive papers® on the glaciation of Yukon Territory 
and British Columbia in which he deals incidentally with parts of the Alaskan border, 
particularly from Mt. St. Elias to Dixon Entrance, and shows the extent of glaciation 
there. 

After Gilbert’s summer in Alaska with the Harriman Expedition in 1899, he published 
his wonderfully comprehensive descriptions of the existing glaciers observed, and then 
wrote on the Pleistocene glaciation, dealing especially with the physiographic forms pro- 
duced by glaciation in the coastal region.^ 

In Brooks’s Geography and Geology of Alaska ® there is an excellent summary of the 
knowledge as to the glaciation of Alaska, accompanied by a map which showed the exist- 
ing glaciers and snowfields, the glaciated areas, the n6v6 fields and areas in part above 
ice sheets during maximum glaciation, the directions of ice movement, and the areas of 
post-glacial silts, sands, and gravels. Other writers have discussed glaciation,® and Hayes, 

1 Brooks, A. H., A Hecoimaissaiice of the Cape Nome and Adjacent Grold Fields of Seward Peninsula, AlAaka 
House Doc. 547, 56th Congress, 2d Sesaion, Washington, 1901, pp. 45-47. 

Brooks, A. H. and Collier, A. J., Science, N. S., VoL XTH, 1001, pp. 188-189. 

Collier, A. J., Professional Paper 2, U. S. Geol. Survey, 1902, pp. 28-29; Bull. 828, TJ. S. Geol. Survey, 1908, 
pp. 94-99. 

Smith, P. S., Bull. 4SS, TJ. S, Geol. Survey, 1910, pp. 48, 185-1S7. 

Smith, P. S. and Eakin, H. M., Bull. 449, U, S. Geol. Survey, 1911, pp. 88-86, 99. 

Moffit, F. H., Bull, 688, U. S. Geol. Survey, 1913. pp. 14, 87, 61-63. 

» Biissell, I. C., BulL G^ol. Soc. Amer., Vol, I, 1890, pp. 99-154. 

* Dawson, G. M., Recent Observations on the Glaciation of British Columbia' and Adjacent Regions; G^og. 
Mag., 3d Decade, Vol. V, 1888, pp. 847-^350; Amer. Geol., VoL HE, 1889, pp. 249-253; Geol. Nat. Hist. Survey 
Canada, Vol. HI, PL 1, 1888, pp, S8B-43B; On the Later Physiographical G^logy of the Rocky Mountain 
Region in Canada with Special Reference to Changes in Elevation and the History of the Gladal Period, 
Trans. Roy. Soc. Canada, Vol. VTH. sect. IV, 1890, pp. 26-^4 and PL II. No. 4; Amer, GeoL, Vol. VI, 
1890, pp. 158-162. 

4 Gilbert, G. K, Harriman Alaska E;q)edition, VoL HE, Glaciers, 1904, pp. 113-194; Nat. Gcog. Mag., VoL 
XV. 1004, pp. 449-450. 

4 Brooks, A. H., Professional Paper 45, U. S. Geol. Survey. 1906, pp. 246-249, and Pis. XII and XXIE. 

4 DalL W. H., Alaska and Its Resources, Boston, 1870, pp. 461-464. 

Wright, G. F., Notes on the Glaciation of the Pacific Coast, Amer. Naturalist, Vol. 1887, pp. 

260-266. 

Tarr, R. S., The Glaciers and Glaciation of Alaska, Science, N. S., Vol. XXXV, 1912, pp. 241-258; 
Annals Assoc. Amer. Geog., Vol. U, 1912, pp. 8-24. 
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Spurr, and Brooks had partly shown its limits,^ before the publication of Brooks’s more 
complete 1906 map. 

From this map it may be seen that the Pacific Mountains not only contain more and 
larger glaciers than the Arctic Rocky Mountains at present, but that the same was true 
at the stage of masimum glaciation. In the Yukon and Kuskokwim valleys and on the 
Arctic slope the glaciers may have extended short distances farther than the limits shown, 
for the till might be buried beneath outwash and recent alluvium, but the extension 
would be slight. On the Pacific Coast little is known of the seaward limits of the ex- 
tended glaciers. 


Extent and Importance of Alaskan Glaciers 

The preceding brief outline of our knowledge of the present-day glaciers of Alaska 
and of the former extent of glaciers in that territory is probably not complete,' but it 
suffices to show two facts with striking clearness, — ^first that there is an enormous num- 
ber of glaciers in a very large area, and secondly that much remains to be done on the 
study of Alaskan glaciers and glaciation before w e can claim to have more than the merest 
reconnaissance knowledge of the phenomena of this great field. When we consider the 
remoteness of the region, the inaccessibility of many parts of it* and the brief time in 
which systematic exploration has been in progress, the results already obtained in the 
study of the Alaskan glaciers and glacial phenomena are noteworthy, especially as the 
glacial study has often been but a minor incident in other work. To the United States 
Geological Survey, and especially to the Alaskan division, under the direction of AJf red H. 
Brooks, tihe major credit for these results is due. 

From our outline of the present knowledge of Alaskan glaciers it is evident that it would 
be possible to give, even now, a much greater body of space to the subject, for in the 
reports to which reference has been made there are many important details and descrip- 
tions of individual glaciers. This has not been done, however, because even with the 
fullest abstracts of all reports, the discussion of Alaskan glaciers and glaciation would 
necessarily be most incomplete, with great and important gaps. It is our hope, in time, 
after some years of systematic work in the various glacier fields, to return to this subject 
and’ to present an outline description and discussion of living gladOrs and glacial phenom- 
ena of Alaska, on the basis of wider observation. For scores of years, however, it is not 
to be expected that a complete account of the region will be possible. At present we do 
not know even the approximate number of Alaskan glaciers- There are several hundred 
to which names have been given; there are dozens which are tidal and other dozens which 
reach almost to the sea; scores reach beyond the mountain base and expand in piedmont 
bulbs; and scores and probably hundreds of glaciers have a length of from ten to fifty 
miles or more. In all, there are sdme thousands of glaciers in the Alaskan mountains 
only a small percentage of which have received names, and many of which have never 
even been seen. 

The Alaskan region is one of the most wonderful regions of glaciation in the world, both 
from the standpoint of number and size of its glaciers, and from the extent and variety of 

I Hayes, C. W., Nat Geog. Mag., Vol IV, 1892, Pis. XIX and XX. 

Spuir, J. E., 18th Ann. Rept., U. S. GeoL Survey, Part m, 1897, pl. XXXYH, 

Brooks, A. H., 20th Ann. Rept., XJ. S. Geol. Survey, Part HI, 1900, Map 25; 21st Ann. Rept, U. S. Geol. 
Survey, Part 11, 1901, PI. XLYII. 
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associated phenomena; and a thorou^ study of any of its facts is certain to yield impor- 
tant scientific results. The phenomena of advance and recession of the glacier termini, 
the former extent of the glaciers and their deposits, and the stupendous work which they 
have accomplished in sculpturing the wonderful series of fiords are among the phenomena 
demanding attention. The features exhibited have far more than local importance 
and application, for the fact that we have here large glaciers descending to sea level in 
a comparatively-wann, humid, north temperate climate gives rise to phenomena resem- 
bling those of the wasting margin of the great continental ice sheets of North America 
and Europe, and, therefore, throw light upon and furnish aid in interpreting these 
phenomena. 
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THE GIACIERS AND GLACIATION OF YAKUTAT BAY 

Genekai. View oe the Yaktjtat Bat Glacibbs 

Glacial Studies in Yahutai Bay. Among the many glaciers of Alaska those of a few 
areas have been singled out for more continuous and thorough study than others, either 
because of their accessibility or because they possess features of unusual interest. Of 
these areas three have attracted the greatest attention: (1) the glaciers of Glacier Bay 
and vicinity, (2) the glaciers of Yakutat Bay and vicinity, including the Malaspina Gla- 
cier; and (8) the glaciers of the Prince William Sound region, including those of lower 
Copper Biver. The National Geographic Society’s Alaskan Expeditions of 1909 and 
1910 studied the glaciers of the last two regions and this report deals mainly with the 
results of these studies, commencing, in this chapter, with the glaciers of Yakutat Bay 
and vicinity. 

The results of the work in 1909-10, in so far as the Yakutat Bay region is concerned, 
are so intimately related to, and in large part dependent upon the results of previous 
studies that it will be necessary to briefly incorporate in this book the more significant 
points determined by the earlier studies, making this, therefore, a summary of several 
seasons’ work. 

The investigations of the glaciers of the Yakutat Bay region began in 1890, with Pro- 
fessor Russell’s famous exploration of the Malaspina and adjacent glaciers in his first 
expedition^ to Mt. St. Elias,® and was continued in 1891 in his second expedition to St- 
Elias.® Both before and after Russell’s expeditions there were other explorations in this 
region, notably those of Schwatka, Topham, Bryant, and the Duke of the Abruzzi, but 
none that contributed much that bears directly upon the problems considered in this 
report,^ until the Harriman Expedition in 1899.® The next visit of a scientific party hav- 
ing glacial study for its object was the United States Geological Survey Expedition of 
1905 in charge of the senior author and to which the junior author was attached as special 
physiographic assistant.® The glaciers and glacial phenomena observed during this expe- 

1 Under the auspices of the National Geographic Society and the U. S. Geolo^cal Survey. 

* Ruflsell, I. C., An Expedition to Mt. St. Elias, Alaska; Nat. Geog. Mag., Vol. HE, 1891, pp. 6^208. 

* Russell, I. C., Second Expedition to Mt. St. Elias; Thirteenth Ann. Kept., U. S. GeoL Survey, pt. 2, 1892, 
pp. 1-91; Amer. Joum. Sd., Vol. XLUI, 1892, pp. 169-182; Joum. Geol., Vol. I, 1898, pp. 219-245. 

* For bibliography of the Yakutat Bay region see I. C. Russdl, Nat. Geog. Mag., Vol. HI, 1891, pp, 58-74, 
and R. S. Tarr, Professional Paper 64, U. S. Geol. Survey, 1909, pp. 20-26. 

> Gilbert, G. K., Glaciers and Glaciation: Harriman Alaska Expedition, Vol. HI, 1904, 231 pages; particu- 
larly pp. 46-70. 104, 170, and 209. 

« A grant of money for this purpose was made by the American GTOgraphical Society of New York. 
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dition are described in several publications.^ In the reports of the work up to and 
including 1905 the glaciers of the Yakutat Bay region are fully described, and their 
more significant features interpreted. With a single exception, that of Galiano Glacier, 
the glaciers were found to be wasting, and recession was the rule between 1890 and 1905, 
as Russell’s observations clearly show had been the general condition for years before 
his first visit of 1890. 

Apparently having no bearing on the problems of the glaciers and glaciation, but in 
reality of the greatest significance, were the observations of 1905 upon the effects of the 
great earthquakes which disturbed the Yakutat Bay region in September, 1899.^ For 
on returning to Yakutat Bay in 1906, the senior author, in charge of a second United 
States Geological Survey expedition, found that several of the hitherto-wasting glaciers 
had begun a sudden activity in response to on impulse derived from the down-shaking 
of great masses of snow in the glacier reservoirs during the earthquakes of 1899.® 

The National Geographic Society’s Alaskan Expeditions of 1909-10 went first to 
Yakutat Bay in order to determine what further changes had taken place in the interval 
since 1906. Since these later observations ^ fill out and verify those of the two pre- 
vious expeditions, making, as it were, a complete story, it seems fitting to take up the 
Yakutat Bay region as a whole, describing and interpreting its glaciers and glacial phe- 
nomena in the light of aJl the studies from those of Russell in 1890 down to and includ- 
ing those of the season of 1913, when the junior author visited Yakutat Bay in charge 
of an excursion of the International Geological Congress. 

Location and General Physiographic Features} Yakutat Bay is an indentation in the 
otherwise almost unbroken coast line that stretches between Cross Sound and Controller 
Bay, its mouth being near latitude 59° 40' north and longitude 140° west. It is about 
40 miles southeast of Mt. St. Elias, and very near the point where the boundary line 

1 Tarr, B. S. and Marfdn, Lawrence, Observations on Gladers and Glaciaiion of Yakutat Bay, Alaska: Bull. 
Amer. Geog. Soc., Vol. X A X VJJi, 1906, pp. 99-101; Glaciers and Glaciation of Yakutat Bay, Alaska, 
Bull. Amer. Geog. Soc., Vol. XXXVJJj, 1006, pp. 145-167; Position of Hubbard Glacier Pront in 1792 and 
1794; Bull. Amer. Geog. Soc., VoL XXXIX, 1907, pp. 129-186. 

Tarr, B- S., Glacial Erosion in Alaska: Pop. ScL Monthly, Vol T.YY, 1907, pp. 99-119. 

* Tair, B. S. and Martin, Lawrence: Becent Change of Level in Alaska: Science, Vol. XXII, 1905, pp. 879- 
880; Becent Changes of Level in the Yakutat Bay Begion* Alaska: Bull. Geol. Soc. Amer., Vol.i XVU, 1906, 
pp. 29-64; Becent Change of Level in Alaska; Geog. Joum., Vol. XXVHI, 1906, pp. 80-48; The YaJnitat Bay 
Earthquakes of September, 1899, Professional Paper 69, U. S. Geol. Survey, 1912, pp. 11-30. 

Martin, Lawrence, The Alaskan Earthquakes of 1899, Bull. Geol. Soc. Amer., Vol. XXI, 1910, pp. 839-407. 

» Tarr, B. S., The advancing Malaspina Glacier: Science, Vol. XXV, 1907, pp. 84-37; Second Expedition to 
Yakutat Bay, Alaska; Bull. Geog. Soc. Phila., Vol. V, 1907, pp. 1-14; The Malaspina Glacier: Bull. Amer. 
Geog. Soc., Vol. XXXIX, 1907, pp. 278-285; Becent Advance of Glaciers in the Yakutat Bay Begion, Alaska: 
Bull. Geol. Soc. Amer., Vol. 18, 1907, pp. 257—286. Also incorporated in the final report for the two expedi- 
tions of 1905 and 1906 in the section on Physiography and Glacial Geology of the Yakutat Bay Begion, Alaska, 
Professional Paper 64, U. S. GeoL Survey, 1909, pp, 1-144. 

* Tarr, B. S, and Martin, Lawrence, The National Geographic Society’s Alaskan Expedition of 1900, 
Nat. Geog. Mag., Vol. XXE, 1910, pp. 1-54. 

Martin, Lawrence, The National Geographic Society Eesearchea in Alaska, Nat. Geog. Mag., Vol. XXII, 
1911, pp. 537-661; The Hubbard Glacier, Pop. Sci. Monthly, Vol. 76, 1910, pp. 298-306; Gletscherunter- 
suchungen Iflngs der Xilste von Alaska, Petermanns Geog. Mitteilungen, Jahrgang 1912, pp. 78-79; 
Guide Book No. 10, Excursion C 8, International Geological Congress, Ottawa, 1913, pp. 184-162. 

* For a more complete discussion of the physiography of the Yakutat Bay region see Tarr, B. S., Physio- 
graphy and Glacial Grcology, Professional Paper 64, U. S. Geol. Survey, 1900. For areal geology, see Tarr, 
B. S. and Butler, B. S., pp. 146-164. 
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between Canada and Alaska turns northward. The bay pierces first a low foreland occu- 
pied by the ice plateau of Malaspina Glacier on the west side, but on the southeast side 
composed of moraines and glacial gravels deposited during a former expansion of the 
Yakutat Bay and Russell Fiord glaciers. It then cuts across the low front range of 
mountains to the base of the lofty, snow-covered peaks of the St. Elias Range. It turns 
twice at high angles, and parallels itself back to the foreland, the distmce from the mouth 
of the bay to its head being fully 75 miles. 

The name Yakutat Bay is now applied only to the outer part of the inlet (PI. I, A), 
mainly outside the mountain front, and throughout most of its extent bordered by a low 
coast, the wooded foreland on the southeast, the gravel fans and sandy beaches with 
strips of forest on the west, and behind these the moraine-covered ice bank which forms 
the outer border of Malaspina Glacier. This bay, which is 20 miles wide at the mouth, 
narrows progressively toward the head and, about half way between the mouth and 
head, the mountains approach to form the southeastern shore. At the head of the 
outer bay the mountains also converge from the west, and here the bay narrows to 3 miles. 
From this point, where the mountains form both shores of the inlet, on to the first bend 
the name Disenchantment Bay is applied. It is walled in by mountains rising abruptly 
from the sea to elevations of 2000 or 3000 feet and is a true fiord, with roughly parallel 
walls and a width of from 2^ to 4 miles. The name of the bay again changes where it 
bends abruptly at an acute angle, from here on to the head of the inlet being called 
Russell Fiord. Excepting at its very head this portion of the inlet is also a mountain- 
walled fiord with a width of from 1 to 3 nules. Where the northwestern arm of Russell 
Fiord bends slightly, at Cape Enchantment, the fiord bifurcates, one arm extending 
southward as the southeast arm of Russell Fiord, the other extending eastward as 
Nunatak Fiord. 

With the exception of the irregular coast line of the foreland on the southeast shore of 
outer Yakutat Bay, and of the head of Russell Fiord, also in the foreland, the inlet, 
throughout almost its entire extent, has a generally straight coast line. There are a few 
small projecting points and a few small bays, but, although there are many valleys 
tributary to the inlet, the mouths of most of them are above the level of the fiord waters 
so that there are few bays. There are only two notable exceptions to this statement, 
Nunatak Fiord, at the head of which stands the ice cliff of Nunatak Glacier, and Seal 
Bay in the valley of which lies Hidden Glacier whose glacial streams have deposited 
an extensive outwash gravel plain, thereby greatly shortening this indentation. Were 
Hubbard Glacier to recede notably, there would doubtless be still other irregularities 
in the bay at the bend where Disenchantment Bay and Russell Fiord unite. The in- 
terpretation of these features, which are due to the erosive work of formerly expanded 
glaciers, may for the present be postponed. 

The straight coast line which Yakutat Bay indents is a coastal plain built by glacial 
deposit, and mainly by glacial stream deposit, but worked over, in its outer portion at 
least, by the ocean waves which are ever beating upon its margin exposed to the open 
Pacific.^ To the southeast of Yakutat Bay this coastal plain is still in process of active 
outbuilding, for numerous large glaciers descend from the mountains and spread out 
upon it at the mountain base, with huge glacial streams issuing from their fronts and 
flowing in braided courses across it; but these glaciers are evidently shrunken, and the 

1 Blackwelder, E., Amer. Joum. Sci., Vol. XXV TT, 1909, pp. 459-466. 
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building of the plain ia less active than formerly. To the northwest of Yakutat Bay the 
coastal plain is a mere fringe around the margin of the Malaspina Glacier and in two 
places is entirely absent, where the sea comes in contact with the glacier at Sitkagi BluflFs 
and Icy Bay. What the condition is beneath the Malaspina ice plateau is unknown. 

In the inmediate vicinity of Yakutat Bay the glaciers are greatly shrunken, and, 
excepting on the periphery of the Malaspina Glacier the construction of the foreland is 
progressing very slowly. Yet this is the broadest part of the coastal plain, testifying 
to the former great activity of deposit by glaciers and glacial streams. That the Yaku- 
tat Bay inlet exists in spite of the former activity of deposit is doubtless the result of the 
energetic erosion by the formerly expanded glaciers ; and in the foreland area itself the 
existence of the bay is probably due to the occupation of the area by an expanded ice 
bulb which prohibited deposit there while it remained, and whose recession was so rapid 
that deposits failed to fill the depression. That deposit was in progress on the outer or 
ocean margin of the expanded bulb that filled Yakutat Bay is proved by the presence of a 
crescentic shoal completely across the mouth of the bay, on portions of which the ocean 
waves break in times of storm. Terminating, as it did, in the open ocean, the expanded 
Yakutat Bay Glacier was unable to deposit as rapidly here as in the case of glaciers ending 
on the foreland, for much of its supply of debris was borne off into the open ocean in ice- 
bergs and spread over a broader area than that reached by streams charged with glacial 
d4bris. 

On the inner margin of the coastal plain the mountains rise abruptly. To the south- 
east of Yakutat Bay the Fairweather Range rises in magnificent proportions, almost 
from sea level, to elevations of from 10,000 to 15,000 feet or more, broken only by the 
glacier-skirt Alsek valley and by a series of broad glacier-filled troughs. With snowline 
descending to within 3000 or 4000 feet of sea level, with glaciers in all the valleys, and 
with its lofty peaks of varied form and elevation, this is one of the grandest mountain 
panoramas in the world with the whole mountain range, from crest to base, almost at 
sea level, exposed to view as one sails along the coast for a full day (see frontispiece). 
T^s panorama is perhaps not even rivalled by the St. Elias Range itself, which, though 
higher, lies farther away, with Malaspina Glacier between it and the sea. Between Mt. 
St. Elias and the Fairweather Range proper the lofty mountains of the continuous 
lie farther back from the coast and are separated from it by lower mountains and by the 
fringe of coastal plain already described. These foothills rise to no great height, rarely 
reaching elevations above 5000 feet; but their crests are snow-capped, while glaciers 
lie in most of the valleys; and through the larger ones descend great glaciers, fed among 
the higher mountains of the St. Elias Range farther inland. Both arms of the Yakutat 
Bay inlet pierce the foothills, ma ki ng a complete cross section through them, and extend- 
ing to the base of the crystalline mountains of the St. Elias Range. Here the mountains 
rise rapidly in elevation, reaching heists of from 10,000 to 16,000 feet within a few miles 
of the shore. From the shores of this bay the full grandeur of the St. Elias Range is 
seen perhaps at its best, and certainly from a central vantage point. Mt. Fairweather 
(15,380 feet) is visible to the southeast, the striking pyramid of St. Elias (18,024 feet) to 
the northwest, Mt. Logan (19,500 feet) to the north, Mt. Hubbard (16,400 feet) to the 
northeast, Mt. Vancouver (15,617 feet), Mt. Cook, (14,700 feet), Mt. Seattle (10,000 
feet) and a multitude of other great peaks, many of them unnamed, still nearer at hand, 
while in the foreground are innumerable lesser peaks. 
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Causes of the Existing Glaciation. The region between Cross Sound and Cook Inlet is 
the seat of the moat extensive present-day glaciation on the North American mainland, 
and includes some of the largest glaciers in the world outside of the Arctic and Antarctic 
regions. Yakutat Bay lies near the center of this area of extensive glaciation, because 
it is about in the center of the lofty St. Elias Range up whose slopes the winds, which 
blow prevailingly from the ocean, bear their burden of vapor day after day. The un- 
broken mountain chain, which causes the air to rise, interposing a lofty barrier of cold, 
insures a heavy precipitation of snow at all seasons. At Sitka, to the southeast, the 
precipitation ranges from 59 to 140 inches a year; and at Nuchek, to the west, an annual 
precipitation of 190 inches has been recorded. The heaviest precipitation is in autumn 
and winter. Both of these stations are at sea level and we have no records nearer Yaku- 
tat Bay in the mountains of the St. Elias Range; we know only that the snowfall there 
is exceptionally heavy, under the favorable combination of an unbroken moimtain bar- 
rier and prevailing onshore winds, blowing from a sea whose teniperature is raised by 
the inflow of warm water from the south. 

On all the mountains except the very lowest there are extensive snowfields, on all of 
them the snAwfall is heavy, and above 4000 or 5000 feet the precipitation, both summer 
and winter, is practically all in the form of snow. Prom these vast snowfields, and from 
others farther back in the mountains, ice tongues radiate, flooding all the valleys and 
filling the larger ones with vast glaciers, some of which end in the sea, others on the land 
at the mountain base. 

General Characteristics of the Glaciers. As yet there has been no detailed study of the 
glaciers among the mountains back from the sea, but glimpses of portions of the region 
have been obtained from elevated points by various observers. The authors have looked 
into this snow and ice-covered mountain region from several of the low mountains near 
the coast, and they have had descriptions of portions of it from prospectors. The 
topographers of the Boundary Commission, notably A. J. Brabazon, in 1895, and the 
Boundary Survey parties in 1906 and 1907 in charge of Fremont Morse of the United 
States Coast and Geodetic Survey have seen a much wider area and have portrayed 
it on the maps, while some of their photographs show the condition very clearly in 
the snow and ice-flooded region along this part of the Alaska-Canada boundary. 
Prom a far better vantage point than either of these, upon the higher slopes of Mt. 
St. Elias, both Prof. I. C. Russell and the Duke of Abruzzi have looked down upon 
this vast sea of snow and ice. No better word picture of the supply region for the 
glaciers of Yakutat Bay and vicinity has been given than that of Professor Russell, 
which is so vivid that it deserves quotation in all descriptions of this land of glaciers. 
Standing upon Russell Col, on a northern shoulder near the summit of Mt. St. Elias 
in 1891, and looking northward, Professor Russell saw a view which he describes in 
the following words; 

“What met my astonished gaze was a vast snow-covered region, limitless in expanse, 
through which hundreds and perhaps thousands of barren, angular mountain peaks pro- 
jected. There was not a stream, not a lake, and not a vestige of vegetation of any kind 
in sight. A more desolate or more utterly lifeless land one never beheld. Vast, smooth 
snow surfaces without crevasses stretched away to limitless distances, broken only by 
jagged and angular mountain peaks. , . . The view to the north called to mind the 
pictures given by Arctic explorers of the borders of the great Greenland ice sheet, where 
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rocky islands, known as ‘nunataks/ alone break the monotony of the boundless sea of 
ice.i” 

Eilippo de FUippi describes the same view, as seen by the Duke of Abruzzi’s party from 
Russell Col, as follows.^ Looking to the northwest they beheld “ an interminable stretch 
of snow and ice, an infinite series of low mountain chains, bristling with numberless^ 
jagged, sharp-pointed, and precipitous peaks, where rocks and ice fields were closely inter- 
mingled.” From the summit of Mt. St. Elias the panorama revealed *‘an unexplored 
waste of glaciers and mountains, a vast zone bristling with sharp peaks and crags, rugged 
and precipitous to the south, snow-covered to the north, and surroimded by vast snow- 
fields free from crevasses, and connected with each other by the snowy cols of the 
mountain chains. The medium altitude of the snow fields is about 7000 feet, that of the 
mountains from 9000 to 10,000 feet. No words can express the utter desolation of 
this immeasurable waste of ice, which Russell has compared with the ice sheet that covers 
Greenland. No smallest trace of vegetation can be discerned on it, no running water, 
no lake. It might be a tract of primitive chaos untouched by the harmonizing forces 
of nature. Surveying this strange scene we realized for the first time that we were close 
to the limits of the mysterious Polar world.” 

This is the condition not only north of Mt. St. Eli^is, but east and southeast of it 
(PL n) past the glaciers that enter Yakutat Bay, past those that enter the Alsek River, 
and down to the supply ground of the Muir Glacier and the glaciers of the Fairweather 
Range. 

Where not too steep, the mountain slopes and tops are buried beneath fields of snow, 
and with every snowstorm more is added to be avalanched into the valleys. So much 
snow is sliding from the mountain slopes, or falling in the valleys, and there being trans- 
formed into glacier ice, that the valleys are drowned in a flood of snow and ice which 
rises high up on the valley sides. The cirques are deeply fiUed, the divides are buried 
to a great depth, and lower peaks are partly or completely submerged beneath the vast 
accumulation of snow and ice. The result is that there are extensive areas of snow-cov- 
ered ice between the higher peaks, and these areas, being often in divide regions, are the 
supply ground of glaciers radiating in several directions. It is, therefore, possible to 
travel from the terminus of one of the glaciers up to the ice-submerged divide area, and 
thence proceed down to the terminus of any one of the several glaciers fed from the same 
broad reservoir; but it would be diflicult to teU where the one glacier ends and the other 
begins. To such a glacier condition the name through glacier has been applied (Pis. HI, 
Vn, LVni, LX, A, and Fig. 12). Where well developed, as it is east of RusseU Fiord, 
the through glacier condition forms an intricate maze of broad, rather flat-topped glaciers 
of moderate slope, which so submerge the mountains as to give them the appearance 
of a drowned mountainous land, like the island-skirted coast of southeastern Alaska.® 

The snowfall in these broad reservoir areas is so great that the ice surface is leveled by 
it, and usually the moderate slope and the deep snow-cover combine to cause a smooth 

1 Ruflsell, I. C., Second E^dition to Mt. St. Elias: Thirteenth Ann. Kept, U. S. Greol. Survey, pt. 2, 1892, 
p. 47. 

* The Ascent of Mt. St. Elias, Alaska, by H. R. H. Luigi Amedeo di Savoia, Duke of the Abruzzi, Narrated 
by Filippo de Pilippi, illustrated by Vittorio Sella and translated by Signora Linda Villari with the author^s 
supervision, London, 1900, pp. 148-149, 159. 

« Tan, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, 1909, p. 86. 
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surface, with few crevasses. Therefore, once the crevassed ice that is often present below 
the snow line is passed, these through glaciers form excellent highways. Those to the 
east of Yakutat Bay were followed by many prospectors, in 1898-1899, as the most feasi- 
ble route to the Alsek vaUey, and their sledges and other relics of this over-ice travel may 
still be seen on and near the terminus of Nunatak Glacier, Fourth Glacier, and at the 
head of Russell Fiord. 

Feeding the large through glaciers, both in the ice-submerged divide areas and in their 
lower courses, are many vaUey glacier tributaries which descend fron^ the mountains that 
rise above the ice flood. None of them are as yet named, and none of them have so far 
been studied, excepting only those on the slopes of Mt. St. Elias. They appear to offer 
no unusual features, and nothing is known that distinguishes them from ordinary Alpine 
glaciers above snow line. Some are small and steep, others long and wath moderate 
slope, and many increase in steepness near their lower ends, frequently forming ice cas- 
cades as they descend from their valleys to join tlie main ice mass. The latter condi- 
tion, characteristic of the majority of tributary glaciers in this region, is due to former 
glacial erosion which lowered the main valley and left the tributary valleys hanging; 
for great though the expanse of snow and ice in this region is at present, it is far less than 
formerly existed, even in the supply areas. Indeed, in some cases, it is evident that 
present-day through glaciers, now flowing in opposite directions, were formerly contin- 
uous glaciers, flowing in one direction across the divide. It is, in part at least, as a result 
of this former condition that the divide areas have been so lowered by glacial erosion 
that they are now flat enough to be drowned by ice and snow and serve as the distribu- 
ting area of a system of radiating glaciers. At present there is a network of glaciers 
flowing in various directions in the depressions between the higher peaks ; formerly this 
network was even more extensive but the direction of flow was often changed and even 
reversed. 

The ice supply of these through glaciers comes from three principal sources, (1) 
directly from snowfall, since the snow line lies between 2000 and 3000 feet in the area 
of the through glaciers, (2) from avalanches, (S) from tributary glaciers. From the last 
two sources are supplied rock fragments as well as snow, and these are incorporated 
throughout the ice, though naturally in greatest abundance near the glacier margins and 
along bands medially placed by the junction of glaciers. A third source of rock frag- 
ments is through erosion by the ice itself, and this d4bris is mainly concentrated in the 
bottom layers. From these several sources the Alaskan glaciers receive a large supply 
of d6bris; but this is not apparent above the snow line where the white, snow-covered 
surface (PI. IV) shows the presence of rock fragments only occasionally where a 
freshly fallen avalanche has not yet been buried beneath snow. Below the snow line, 
however, the presence of abundant rock fragments ' becomes apparent, where, by 
ablation, they become concentrated on the ice surface, often completely covering the 
glacier in its lower portion. 

The abundant supply of rock fragments from avalanches is dependent upon at least 
five favorable conditions, as follows: (1) weathering, which is very active in these high 
mountains, whose steeper slopes are exposed to sharp changes in temperature; (2) the 
abundant snowfall which, forming deep accumulations on the mountain slopes, and 
attaining a condition of instability, is all the time sliding down the slopes and by ite ero- 
sion tearing off portions of the mountain itself; (3) the condition of the rock, which in 
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many places is friable schist or slate, or sheeted and jointed gneiss and granite that is 
readily broken oflP by weathering or by avalanche erosion; (4) the oversteeping of the 
valley slopes by long continued glacial erosion, causing cliffs and precipices dovn which 
rock fragments are all the time avalanching to the glacier surface; (5) earthquake shat- 
tering and shaking, forming rifts in the rock and thus aiding in weathering and in the 
production of rock avalanches, and earthquake shaking acting directly as a cause for 
abundant avalanches of snow and rock. 

Since the St. Elias Range rises abruptly from near sea level, presenting a steep face 
toward the sea, the larger glaciers to which the heavy snowfall gives rise easily find their 
way down to or near sea level, for the snow line even on the seaward face of the moun- 
tains is not more than 3000 or 3500 feet, while in sections less exposed to the warm air 
and rains of the ocean it is no higher than 2000 or 2500 feet. For great glaciers to push 
their termini down 3000 or 3500 feet below snow line is not difficult. Shorter glaciers 
fail to do so, and in the Yakutat Bay region there are scores of such glaciers, some ending 
almost at snow line, others descending part way to sea level. Such glaciers differ but 
slightly, if at all, from the type of ordinary Alpine glaciers, and in a region of abundant 
great glaciers attract so little attention, that they have so far received little study, and 
are for the most part stiff unnamed. 

Of the large glaciers which reach nearly or quite down to sea level there are four dis- 
tinct types. The first of these, illustrated by Hidden, Fourth, and Black Glaciers, is 
not greatly different from ordinary valley glaciers, though in the case of the first two, 
forming a part of a through glacier system. The glaciers of this type are enclosed and 
terminate in mountain valleys, ending near sea level. The second type of glacier is the 
tidal glacier, illustrated here by Nunatak (PL V), Turner and Hubbard Glaciers. 
These may all be parts of a through glacier system, as Nunatak and Hubbard Glaciers 
certainly are; but below the supply area they have the characteristics of valley glaciers 
of large size, moving with great rapidity. Instead of ending on the land, however, 
they terminate in ice cliffs rising out of the sea, and discharging icebergs into it. The 
third type of glacier, which may or may not be part of a through glacier system, has 
characteristics of an Alpine valley glacier in its mountain valley, but, being forced 
beyond the mountain front, terminates in an expanded foot, or bulb, at the moimtain 
base, where no longer confined between mountain walla. Such a piedmont ice bulb may 
lie entirely outside the mountains, aa on the coastal plain which skirts the St. Elias 
Range, illustrated by Galiano Glacier and other large glaciers to the southeast of Yakutat 
Bay (PI. I, B), or it may lie in a broader valley within the mountains, as in the case of 
Variegated Glacier in Yakutat Bay; or better still in the Allen and MUes Glaciers of the 
Copper River valley. The fourth type is the piedmont ice plateau, of which the 
Malaspina Glacier is the typical example, made by the union of two or more. piedmont 
ice bulbs. Malaspina and Bering Glaciers, the largest known examples of this class, 
are each made by the union of many glaciers; but there are other cases of the same type 
where only two or three glacier bulbs are united, — for example, the piedmont bulb made 
by the union of Atrevida and Lucia Glaciers, just west of Yakutat Bay. 

In addition to the differences between these four types of glaciers just mentioned there 
are other notable peculiarities. The tidal glacier maintains activity to its very front, 
and in all cases observed in this region is crevassed down to the ice cliff; but the other 
types gradually diTninish in activity toward their ends and finally assume almost com- 
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plete stagnation, and in the case of portions of the piedmont bulbs actual stagnation. 
In some cases the outer portions of the bulbs become completely motionless. More- 
over, the tidal glaciers terminate farther back in the mountains than the other types, for 
the sea eats into them more rapidly than the rains and warm air can melt away those 
glaciers which end on the land. 

As a result of these peculiarities there are among these glaciers distinct differences 
in the phenomena attending the destruction of their outer portions. Prom the steep 
faces of the crevassed tidal glaciers icebergs are constantly thundering as they fall 
into the sea or rise from the submerged base of the ice chff. Both ice and d6bris are 
borne away from the glacier front, the ice to melt and the debris to be deposited at a 
distance. Being back among the mountains, in a cooler climate, there is less melting of 
the surface of the tidal glaciers than of those that project as piedmont bulbs beyond the 
mountain face. There is consequently less water emerging from these tidal glaciers, 
and that which does issue comes out mainly from ice tunnels beneath the sea. Because 
of the rapidity of ice motion, the relative slowness of melting, and the active discharge 
of icebergs, the tidal glaciers have small amounts of d4bris upon their surfaces. Only 
along the lateral margins, where the motion diminishes, where iceberg discharge is either 
checked or entirely stopped, and where the d6bris supply is great, are there extensive 
fields of rock fragments accumulated on the surface as a result of ablation. 

Those glaciers which terminate in their mountain valleys are sometimes covered byfields 
of d6bris, but in other cases have little. The Black Glacier, for example, is completely 
buried beneath morainic debris in the lower third of its valley portion; Fourth Glacier 
has some d6bris, but not much, while Hidden Glacier is one of the freest from d6bris 
cover of all the glaciers of the region; but this is in part, it not entirely, due to the fact 
that its real terminus was buried (up to 1906) beneath an outwash gravel plain. The 
piedmont bulbs and piedmont glaciers, on the other hand, are always either partly or 
completely buried beneath broad fields of morainic waste. This is due to the fact that 
these are large glaciers, with much incorporated rock dfibris, which spread out beyond 
the moxmtain front, assume a condition of stagnation or semi-stagnation, and then slowly 
waste away in the cool temperature, rainy climate of the Alaskan coast. Ablation then 
concentrates rock fragments on the ice surface, giving rise in some cases to areas of many 
square miles of barren rocky debris, which has been called an dblation moraine} It con- 
sists mainly of debris avalanched down upon the glacier within the mountains, incor- 
porated in the ice mass, and near the glacier terminus concentrated at the surface by 
the wasting, or ablation, of the ice. In the more stagnant portions of the glacier the 
ablation moraine becomes so thick that it serves to so protect the glacier that further 
melting proceeds very slowly. Then the soil assumes such stability that plants may 
find a foothold. On the inner margins of this portion of an ablation moraine wiUows 
and alder bushes are foimd as scattered individuals or in clusters; but on the outer mar- 
gin the ablation moraine may become so stable that forests of cottonwood and spruce 
grow, with trees a half century or more old.^ The Malaspina, Lucia, and Atrevida Gla- 
ciers each furnish illustrations of this condition. 

1 Taxr, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U, S, Geol. Survey, 1909, p. 87; Tarr, 
R. S., Some Phenomena of the Glacier Margins in the Yakutat Bay Region, Alaflka, Zeitschiift fUr Gletscher- 
kunde, Band m, 1908, pp. 85-88. 

« Russell, I. C., 13th Ann. R^t., U. S. Geol. Survey, 1894, Pis. Xlll, XIV. 
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It is partly the presence of the ablation moraine on these piedmont glacier bulbs that 
permits them to remain in a temperate climate so far from the mountain front and essen- 
tially at sea level. Without the protection from the morainic cover these bulbs would 
of necessity waste away; with it they linger for scores of years even when all further ice 
supply ceases. How slowly the ice wastes is attested by the fact that dense forests thrive 
in the morainic soil that covers the glacier. 

When the ice melts entirely away the ablation moraine forms a thin, irregular veneer 
on the surface where the glacier bulb formerly stood, and the sites of lateral moraines 
are marked by benches and terraces of morainic drift; but terminal moraines are not 
extensively developed at the front of the piedmont ice bulbs, though they are developed 
at the fronts of glaciers which terminate within their mountain valleys, and probably 
also in front of those which end as tidal glaciers. The failure to develop terminal mo- 
raines around the front of the piedmont bulbs is easily understood when one considers 
that the ice in them is either stagnant or so slowly moving that very little debris is brought 
to the glacier end, and that, therefore, there is no opportunity foi< notable concentration 
of deposit. 

Instead of moraines around the periphery of these piedmont bulbs, the frontal accu- 
mulations that are most noteworthy are those brought and deposited by streams. There 
is much melting over the entire bulb area and even in the mountain valley above it, and 
this abundant water is supplied with great quantities of sediment. Streams issue from 
various portions of the ice front, some of them very large, and all heavily charged with 
sediment, varying in texture from fine clay to large pebbles sind small bowlders. Much 
of this sediment must be quickly deposited on the plains that intervene between the ice 
front and the sea and that are themselves the product of this same stream deposit. If 
the ice of the piedmont glaciers of the Yakutat Bay region should melt away, without 
further change, the position of their fronts would be traced by a series of alluvial fans 
sloping away from the ice, while on the site of the ice itself there would be a thin, hum- 
mocky deposit of bowlder strewn moraine derived from the ablation moraine of the gla- 
ciers. Stream deposition is exceedingly active in this region of abundant water supply 
and sediment load; but moraine deposit is slow and quite ineffective. 

The Olcuiiers of Yahutat Bay, As has been stated, there are scores of glaciers in and 
near Yakutat Bay, but the great majority have as yet received no detailed study, be- 
cause they are small individuals in a region of much larger glaciers, and because they 
present no features of exceptional interest, in a region where a number of the glaciers 
have features of decided interest. Some of these smaller glaciers were studied and photo- 
graphed during the expeditions of 1905 and 1906 and are briefly described in the reports 
upon the work of those years, but in the National Geographic Society’s expeditions of 
1909-10 attention w:as paid to only the larger glaciers, and those smaller ones that were of 
special interest. In later chapters the results of these studies, in the light of our pre- 
vious knowledge of them, are stated in detail; here it is intended merely to briefly charac- 
terize and locate these more important glaciers. 

Beginning with the western portion of the area, there is the Malaspina Glacier, the 
largest of aU, a vast piedmont ice plateau made by the union of the piedmont bulbs of 
several large glaciers and many smaller ones. Most of its periphery is covered by abla- 
tion moraine, and in places this moraine supports a forest of alder, cottonwood, and spruce. 
The easternmost tributary to the Malaspina is Hayden Glacier, which, however, contri- 
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butes little ice to the plateau; but juat to the west of the Hayden the great Marvine Gla- 
cier descends from the mountains and supplies the ice which forms the easternmost of 
the four lobes of the Malaspina Glacier. The low ice cliff of this lobe of the glacier lies 
just back of the west coast of Yakutat Bay from near Point Manby to the Kwik River, 
being separated from the sea by a fringe of alluvial fans across which many large, swift, 
glacial streams flow. The Marvine lobe of the Malaspina Glacier is of distinct present 
interest because of the rapid change from stagnation to activity which was observed in 
1906. 

East of the Malaspina Glacier, and between it and Yakutat Bay, are three glaciers 
which extend beyond their mountain valleys and spread out in piedmont bulbs. The 
largest of these, the Lucia, is the westernmost and it is now separated from Malaspina 
Glacier, to which it was undoubtedly formerly a tributary, only by the gravels of the 
Kwik River alluvial fan. Immediately east of the Lucia, and coalescing with it, is the 
piedmont bulb of Atrevida Glacier. Both of these bulb glaciers are partly covered with 
ablation moraine and on their outer stagnant termini support forests of alder, cotton- 
wood and spruce. Atrevida Glacier changed from a stagnant to an active condition 
between September, 1905, and June, 1906, and Lucia Glacier was changing in 1909. 
Galiano Glacier, the smallest of these three glaciers, changed from stagnation to activity 
sometime between 1890 and 1905, probably after 1899. Its piedmont bulb extends prac- 
tically to the shores of Yakutat Bay from which it is separated only by a narrow gravel 
beach. Two or three miles to the east of Galiano Glacier is the still smaller Black Glacier, 
which has no piedmont bulb, and is interesting especially because, though so near the 
Galiano, it gives no evidence of having undergone notable change in condition. 

On the west side of Disenchantment Bay is the large Turner Glacier, a tidal glacier 
with an ice cliff ^ miles in length, which, though changed slightly each time it has been 
observed, shows no such pronounced variation in condition as those just mentioned. 
Just north of it, however, is a smaller glacier, called Haenke Glacier, which, like the Atre- 
vida. was absolutely transformed between 1905 and 1906, having become broken and 
having advanced nearly a mile and assumed tidal condition in an interval of ten months. 
Just north of this is the small Miller Glacier, which had a similar transformation 
about 1901. 

Next to these is the Hubbard Glacier, the largest tidal glacier in the region, fed by 
two large tributaries from some unknown source far back among the mountains and hav- 
ing a tidal front 5^ to 6 miles in length. It presents many interesting features, and in 
1909 had a very slight advance. Variegated Glacier, whose piedmont ice bulb coalesces 
with the southeastern side of the Hubbard, presents the interesting condition of a 
piedmont bulb in a valley, instead of at the base of the mountain front. It resembles 
Atrevida and Lucia Glaciers in its ablation moraine, though it lacks forest growth. It 
rivals Atrevida Glacier in the extent of its transformation between 1905 and 1906. 
Almost coalescing with the Variegated is the Orange Glacier, entirely confined to its 
mountain valley, unchanged since first observed by us in 1905, and forming the western 
end of a through glacier, whose other end is just back from the shores of Nunatak Fiord. 
Near the southeastern end of this through glacier, a hitherto unnamed glacier, to 
which we have given the name Butler Glacier,^ descends from the mountains, and 

» After Mr. B. S. Butler of the U. S. G^L Survey, whose efficient aid contributed greatly to the success of 
the 1905 and 1906 expeditions to Yakutat Bay. 
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emerges from its broad moimtain valley, then spreads out in a piedmont bulb reaching 
almost to the shores of Nunatak Fiord. ^ 

Just east of this piedmont bulb is the ice cliff of the tidal Nunatak Glacier whose his- 
tory since first seen in 1891 up to 1910 was one of continued recession; but between 
August, 1909, and June, 1910, it advanced about 1000 feet. It has also a wasting land 
tongue, or distributary, and above its end hangs the Cascading Glacier, the type of a 
series of similar cascading glaciers in this region and elsewhere in Alaska. Opposite, on 
the north side of the fiord is Hanging Glacier which no longer cascades over its hanging 
valley hp. Hidden Glacier, to the southwest of Nunatak Glacier, was of peculiar inter- 
est in 1905 because the outwash gravel plain which separated its stagnant terminus from 
the sea rested for a distance on the glacier ice, which, by melting, gave rise to a pitted 
plain, AD this is now destroyed, for when seen in 1909 Hidden Glacier was utterly trans- 
formed, having also undergone a spasmodic advance since last visited in 1900. The 
last glacier of the series studied in 1909-10 is Fourth Glacier, which terminates within its 
mountain vaUey, just back of the mountain front, being a typical vaUey glacier tongue 
of a through glacier system. It shows no sign of other recent change than that of 
recession. 

Other names have been proposed for this glacier, notably Beasley Glacier, but we pre- 
fer the name Fourth Glacier, by which it is known locally, and because there seems no 
good reason for attempting to substitute another name. Besides being sanctioned by 
local usage, and by the United States Geographic Board, the term Fourth Glacier helps 
to record one of the bits of history of this region, as Malaspina, Haenke, Atrevida and 
other names record other historic events. In 1898-99 Yakutat Bay was visited by 
large numbers of prospectors who undertook to reach the reputed gold fields of the Alsek 
vaUey by an over-ice route, or else attempted to reach the Klondike district by an easier 
route than that over White Pass. Going up Yakutat Bay in boats they named the large 
glaciers in theii^ order, First (Turner), Second (Hubbard), Third (Nunatak), and Foiuih 
Glacier, passing by Hidden Glacier, which perhaps they did not see, without naming it. 
Parties crossed by both the Third and Fourth Glacier routes. It is an interesting episode 
in the history of this region, and in the mining history of Alaska, and it is our belief that 
it is best to retain this one of the names that these adventurous prospectors applied to 
the region. 

Former Expansion of the Yakutat Bay Glaciers. Throughout the entire Yakutat Bay 
region the evidence is complete that aU the glaciers have at a former period been far more 
extended than at present.^ The period of greatest extension of the glaciers was recent in 
a geological sense, but was at least several centuries ago, for a mature forest grows on the 
deposits laid down by these expanded glaciers. 

There are several lines of evidence upon which the conclusion is based that these gla- 
ciers were formerly far greater than now. In the first place, throughout the region the 
vaUeys show clear signs of pronounced glacial erosion. The valley waUs are scored, 
grooved, poDshed and smoothed to elevations far above sea level, and, in those vaUeys 
in which glaciers stiU linger, to elevations far above the surfaces of the present glaciers. 
Tributary vaUeys hang above the level of Yakutat Bay, Disenchantment Bay, RusseU 

1 Tarr, H. S. and Martin, Lawrence, Glaciers and Glaciation of Yakutat Bay, Alaska, Bull. Am. Geog. Soc., 
Vol. XXXYm, 1906, pp. 155-164. 

Tarr, R. S., The Yahutat Bay Region, Alaska, Professional Paper 04, U. S. Geol. Survey, 1909, pp. 96-187. 
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Fiord, and Nunatak Fiord; secondary tributaries to these lateral valleys hang above 
them; and hanging valleys, many with cascading glaciers, lie above the level of the sur- 
faces of all the larger existing glaciers. Many of these glaciers head in cirques, except 
in the case of the through glaciers. A second evidence of former expansion is the pres- 
ence of outwash gravels along the shores of the inlet in places where glaciers are no longer 
present or depositing gravels, and even as far out as the mouth of Yakutat Bay. The 
third proof is the distribution of transported rock fragments and the development of 
morainic terraces at elevations high above the level of the inlet, and, where glaciers are 
present, high above their present surfaces. Such deposits occur all along the shores of 
the inlet, to the west of Yakutat Bay above the eastern margin of Malaspina Glacier, and 
in the valleys of the larger glaciers which come dovm to Yakutat Bay. The moraine 
terraces descend in the direction of the ocean, and are evidently to be correlated with 
the deposits which constitute the fourth evidence of former glacier expansion, — ^the 
hummocky moraine which forms the southeastern margin of Yakutat Bay, as far out as 
Yakutat, the similar moraine about the head of Russell Fiord, and the crescentic de- 
posit which extends as a submarine ridge across the outer part of Yakutat Bay. 

From these four lines of evidence it has been concluded that, at the period of greatest 
expansion, all the glaciers were much larger than now, — ^Malaspina Glacier then rose 
much higher on the slopes of the mountains west of Yakutat Bay, its tributaries were 
greater, it received tributaries, notably Lucia and Atrevida Glaciers, that are now dis- 
connected, and it coalesced with a great glacier that filled Disenchantment Bay and Yak- 
utat Bay out as far as Yakutat and the submerged moraine that stretches in crescentic 
form from Ocean Cape westward to Point Manby. To this expanded glacier that filled 
Yakutat Bay, the name Yakutat Bay Glacier has been given; and the similar expanded 
glacier in Russell Fiord has been called the Russell Fiord Glacier. The latter glacier 
completely filled Russell Fiord and terminated in a piedmont bulb on the inner edge of 
the foreland, where it has left a crescentic moraine from which outwash gravels slope 
seaward. 

Since the period of maximum glacier expansion, and far more recently than it, there 
has been a minor advance, by which the united Hubbard and Turner Glaciers, joined by 
others, pushed southward into Disenchantment Bay and southeastward into Russell Fiord, 
while Nunatak Glacier, coalesced with Hidden Glacier and others, pushed northwest- 
ward into the northwest arm of Russell Fiord, and southward into the south arm about 
two thirds of the way to the head of the bay. During this advance a lake was formed 
in the upper end of Russell Fiord whose shoreline can be easily seen and traced. This 
advance of the glaciers was of such brief duration, and of such moderate intensity, that 
the ice erosion did not succeed in removing the gravels previously deposited. It, there- 
fore, contrasts strikingly with the earlier, prolonged advance by which the bed rock 
was scoured out to a depth of many hundred feet by the powerful erosive action of the 
expanded glaciers. Between these two ice advances there was a long interval during 
which the glaciers receded even farther than at present, and forest growth extended 
throughout the fiord, and even up the valleys now occupied by the glaciers. The ter- 
mination of the last advance was but a short time ago, at the most but a century or two, 
and the recession from this stage of advance was apparently still in progress as late as 
1905. The proof of the recency of the last advance, and of the ice recession from that 
stand, is the condition of the vegetation growing in the area occupied by the ice and the 
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lake water. In the outer portion of the area covered by the expanded glacier, a dense 
growth of mature alder and some cottonwood covers the overridden gravels, but the 
growth rapidly decreases in amount and density toward the present glacier fronts. In 
Seal Bay and Nunatak Fiord there are only scattered individual plants, and the density 
of alder growth gradually increases thence toward the portions of the inlet where the 
expanded glaciers ended. In other words, this period of ice advance was so recent that 
only a part of the area is as yet occupied by vegetation (PI. VI), and the outer portion 
is occupied only by the advance growih of alder and, in the extreme south, of cottonwood. 
The spruce forest of the Alaskan coast has not yet had time to advance upon the region 
from which the glaciers have so recently receded. 

Recent Recession of the Glaciers, In Professor Russell’s visits to the Yakutat Bay region 
in 1890 and 1891 he found the glaciers to be in general in a state of recession. Dr. Gilbert’s 
observations in 1899 led him to the same conclusion, and our observations in 1905 showed 
that the glaciers were still wasting away. The evidence of this condition of recession is 
partly mferred from the characteristics of the glaciers and the conditions at their borders, 
and partly observed by direct comparison at the later dates with observations made 
during the earlier studies. Russell, Gilbert, and the authors of this book, have all noted 
the fact that many of the glaciers are covered by ablation moraines at their lower ends, 
and that in some of the more stagnant portions these ablation moraines bear forests. 
From this condition the inference is perfectly warranted that the glaciers in these regions 
are wasting. More specific, however, is the evidence around the glacier borders, both 
at the sides, and, in those w h ich end on the land, at their fronts. While forest, or at 
least alder (PI. VT, B), extemis nearly up to the front of many of the glaciers, and also 
grows on the valley sides above them, there is, near many of the glaciers, a zone in 
front of and just above the glaciers, which is barren of vegetation (PI. VI, A). From 
such a condition one infers with certainty that the ice has withdrawn from such areas 
so recently that vegetation has not yet had time to encroach upon it. The extent of 
shrink age indicated by this class of evidence varies with different glaciers, but it was 
present to some degree in the neighborhood of almost all the glaciers studied, and in 
some it mdicates a great and long-continued shrinkage. This is particularly true in 
Nunatak and Russell Fiords, as already stated in the preceding section. Here it is 
certain that in the last century the recession has amounted to many miles. 

By the photographs taken by Professor Russell, though they were taken merely as 
incidents in a work of different object, a basis was established for future record of the 
changes in the position of the fronts of some of the glaciers; and still further basis for 
such comparative work was established by the photographs of the Canadian Boundary 
ComniMsion in 1895. Naturally, therefore. Dr. Gilbert instituted such comparisons 
when, in 1899, he visited the region as a member of the Harriman Expedition; and he 
added a new basis for future comparison by taking photographsof still other glaciers. We, 
in 1905, therefore, had a body of photographic evidence Upon which to study the changes 
of positions of the glacier fronts during recent years. Thi^ study of photographic rec- 
ords shows that some of the glaciers, notably Hubbard and Turner, changed but little 
between 1891 and 1905, but that Nunatak and Hidden Glaciers receded greatly be- 
tween 1899 and 1905. For the smaller glaciers there is no photographic basis for a state- 
ment, though the other evidence gives conclusive proof of recession in many cases. 

In 1899 the Harriman Expedition added still another basis for future studies of the 
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positions of the larger glaciers by the construction of plane table maps by Mr, Henry 
Gannett. Maps of similar character were also made by the United States Geological Suiv 
vey expeditions of 1905 and 1906 by Messrs. Butler (in 1905) and Rich (in 1906) . It was 
part of the plan of the National Geographic Society’s expeditions of 1909-10 to make more 
detailed maps of the larger glaciers of Yakutat Bay as a basis for future studies of the 
changes in these glaciers, and for this purpose one of the topographers of the United 
States Geological Survey, Mr. W. B. Lewis, was attached to the expeditions. Assisted 
by E. F. Bean and F. E. Williams, he has made the contour maps which accompany 
this book. All future students of the glaciers of this region will find in their carefully- 
made maps a reliable basis for comparison of the positions of the glacier fronts as they 
may change from time to time. 

Recent Advance of the Glaciers, Earlier in this chapter it has been intimated, and in 
other publications stated with full delkil,^ that some of the glaciers in the Yakutat Bay 
region have been recently subjected to an advance of such unusual character as to lead 
to the desire to study the phenomenon further. It was primarily this desire that led 
us to return to the Yakutat Bay region in 1909 and 1910, and the results of the work of 
these years that are of most value relate to the phenomena attending the advance of the 
glaciers. These results will be stated in detail in later chapters devoted to the discussion 
of individual glaciers; but in order that these details may appear in their proper setting 
it seems desirable to make a general statement concerning the phenomenon. 

In 1905, while a general condition of recession characterized the great majority of the 
Yakutat Bay glaciers one, Galiano Glacier, presented convincing evidence of change to 
activity in the interval since it was photographed by Russell in 1890. Then it had a 
stagnant piedmont bulb on whose ablation moraine a forest of alder and cottonwood 
grew, proved both by Russell’s description and by his photographs and also shown by 
Boundary Survey photographs in 1895. This forest growth had entirely disappeared 
in 1905, but the piedmont bulb was again stagnant and covered by ablation moraine, 
though with only young alders scattered here and there. Neighboring glaciers, for in- 
stance Atrevida to the west and Black Glacier to the east, gave no e\ddence of similar 
change, and no such evidence was found in any other glaciers. Puzzled by the phe- 
nomena, and forced to the hypothesis that it was in some way connected with the 
earthquakes of 1899, we made no attempt at explanation but merely described the 
facts. We were not at all prepared for the momentous changes which occurred in the 
interval between the summers of 1905 and 1906. 

Returning to Yakutat Bay in 1906, the senior author found four glaciers absolutely 
transformed, and all the others unchanged. These glaciers that were so altered in the 
brief interval of nine or ten months are, named from west to east, the Marvine Glacier 
and the eastern lobe of the Malaspina Glacier that is fed by the Marvine, the Atrevida 
Glacier, Haenke Glacier, and Variegated Glacier. In the summer of 1905 one could 
travel over the surfaces of these glaciers at will. On two of them, Atrevida and Varie- 
gated Glaciers, we walked freely, on the former late in August, without recognizing any 
signs of coming change to activity. The glaciers were crevassed slightly only here and 
there, and outside the motmtain were in a stagnant or semi-stagnant condition and cov- 
ered with a waste of ablation moraine; but in June, 1906, all four glaciers were trans- 

1 See especially, Tarr, R. S., The Yakutat Bay Region. Alaska, Professional Paper 64, U. S. Geol. Survey, 
1909, pp. 41-95, Here will be found references to other publications on the subject. 
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formed to a sea of crevasses; and not only was it impossible to travel over their surfaces, 
but it was not even possible to climb up on the glaciers except by the most difficult ice 
work. Furthermore, the glaciers were even then actively advancing, and the advance 
extended out even to the fully-stagnant margins, overturning forests of alder and cot- 
tonwood that were growing on the outer portions of the Malaspina and Atrevida Glaciers. 
Not only were the ice surfaces broken by a maze of crevasses, and the margins which had 
hitherto been gently-sloping, moraine-covered icebanks transformed to steep ice cliffs 
crowned by bristling ice pinnacles, but the margins were pushed forward, and the hither- 
tofore stagnant piedmont bulbs were thickened. Haenke Glacier had advanced to tidal 
condition; the Atrevida and Malaspina Glaciers were pushing into the forest that fringed 
their margins ; and Variegated Glacier had become notably thicker and had crowded out 
over a rock gorge, destroying the glacial stream that had occupied it in 1905. 

It was evident from these facts that the glaciers in question had been subjected to 
some unusual impulse that had caused a sudden forward movement by which they had 
been pushed forward, thickened, and their surfaces greatly broken. In seeking for an 
explanation for such a phenomenon, not hitherto recorded, only one cause seemed ade- 
quate, namely, the effect of the severe earthquake shocks to which this region was sub- 
jected in 1899. The hypothesis put forward by the senior author was that the repeated 
violent shaking during the earthquakes that occurred between September 3 and 29, 1899, 
threw so much snow and ice into the reservoirs of the glaciers that a wave of motion was 
started which reached completely down to the terminus of Galiano Glacier before 1905, 
and which was passing down the four other glaciers during 1906. In testing this hy- 
pothesis with the facts available, all were found to be in harmony with it, none were dis- 
covered that were opposed to it, and no other hypothesis could be suggested which had 
no fatal objections to it. 

While the hypothesis of earthquake cause for this advance seemed, therefore, well 
supported it was desired to subject it to still further test, and it was one of the main 
objects of the expedition of 1909 to apply these tests. There were three such tests which 
we had especially in mind. In the first place, if the advance were due to this cause, it 
should be confined to the region of violent earthquake shaking. By inquiring regarding 
the condition of glaciers southeast of Yakutat Bay, as in Glacier Bay, and by study of 
some of the glaciers of the Prince William Sound region to the northwest we were able 
to apply this test to some extent, but not so fully as to warrant definite statement of its 
adequacy in support of the hypothesis. In view of the multitude of glaciers in the region 
to the southeast and northwest of Yakutat Bay, the fact that among the comparatively 
few which we were able to study or gain specific information about, we found none that 
furnished evidence of spasmodic advance, is only contributory evidence. For final testi- 
mony other studies over a wider field are necessary. 

The second test is that of the behavior of other glaciers in the Yakutat Bay region in 
the interval between 1906 and 1909. If the hypothesis proposed is correct, probably 
some of the smaller glaciers of Yakutat Bay had advanced before 1905, and certainly 
some of the other glaciers of the region ought later to show signs of the appearance of 
the wave of advance. This was predicted in the report on the expeditions of 1905 and 
1906.^ There is reason to believe that there was an advance of some of the smaller gla- 
ciers before 1905, though it is now difficult to obtain convincing evidence; but that the 

1 TaiTp H. S., The Yakutat Bay Region, Alaeka, Profeaaional Paper 64, IT. S. GeoL Surv^, 1909, pp. 9S-94. 
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wave of advance was extended to other glaciers between 1905 and 1910 was strikingly 
illustrated by Hidden Glacier, which had advanced two miles and become greatly broken, 
by Lucia Glacier, which was actively advancing and greatly transformed by crevassing 
during the summer of 1909, and less strikingly by Hubbard Glacier, whose eastern mar- 
gin was just beginning to advance in 1909, and by Nunatak Glacier, which had a slight 
advance in 1910. 

The third test was that of cessation of advance in those glaciers that had moved for- 
ward in 1900; With a sudden, great addition of snow, quickly terminated, and followed 
by a spasmodic advance of the glaciers thus supplied, it would be expected that the wave 
of advance would soon die out and the condition of stagnation return. This was also 
predicted,^ and our observations of 1909-10 show clearly that the prediction was correct, 
for all of the advancing glaciers of 1906 had returned to stagnation in 1909, and the break- 
ing of the ice had been so healed by ablation that we were once more able to travel over 
the glaciers, though with far less ease than in 1905. 

It is believed that -the observations of 1909 add the further facts necessary to demon- 
strate the hypothesis put forward in 1906, and that we are now warranted in stating the 
explanation with confidence, as an established hypothesis, — a new cause for glacier ad- 
vance. The sudden forward rush of a glacier, accompanied by pronounced thickening 
and extensive surface breakage, may be called a glacier flood and the resemblance to a 
river flood is noteworthy. When heavy rainfall, or unusual melting of snow occurs in 
the upper reaches of a river, a wave of rising, rapidly down-moving water is started which 
may cause a flood all along the course, and if a portion of the river is ice covered, the 
rigid ice crust will be shattered a.nd heaved into a maze of broken ice blocks; but under 
ordinary conditions the river behaves more normally, slowly rising and falling with 
variation in supply. So in a glacier, under ordmary conditions, variations in supply 
manifest themselves in moderate advance or recession; but when a deluge of snow 
and ice is thrown down in its upper reaches the condition for a spectacular advance, 
a glacier flood, are introduced. The ice stream flows on more rapidly, its rigid upper 
and marginal portions are cracked and broken, its surface rises, and its front is pushed 
forward. There is, however, a striking difference in time occupied by the two classes 
of floods. A river flood passes from the source to the mouth of the river in a few 
hours or a few days, and its effects are soon past; but the far less mobile ice requires 
several years for the transmission of the glacier flood, and its duration is months long, 
while years are required to bring the ice surface back to its pre-flood state. There is 
a striking difference, also, in the mode of motion, for the mobile river water itself 
travels down stream to form the flood while in the glacier flood the advance and 
breaking of the mass is due to the passage of a wave, not to actual bodily transfer of 
ice from glacier reservoir to termiaus. 

With these facts in mind it is quite proper to predict the advance of other and longer 
glaciers in the Yakutat Bay region as a result of avalanching during the 1899 earthquakes. 
The oscillations of other Alaskan glaciers, for which there is no known climatic warrant, 
may be due to other earthquakes. Earthquake avalanching may even be responsible 
for oscillations of mountain glaciers in other regions, m for example in the Himalayaa 
and other youthful, snow-capped mountains still frequently faulted and shaken by seis- 
mic disturbances. 

I Tair, fl. S., The Yakutat Bay Region, Ala^, Professional Paper 64, 17. S. Geol. Surv^, 1909, p. 94. 
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With this geaeral view of the glaciers of the Yatutat Bay region as a preliminary basis 
for understanding their main characteristics and their behavior since first studied by Rus- 
sell in 1890 and 1891, we wiU proceed to the study of the individual glaciers^ and then, 
upon this basis, to a consideration of the features of general interest and their interpre- 
tation, including their bearing upon the interpretation of the Pleistocene drift phenomena 
of North America and Europe. In this study free use will be made of the results of pre- 
vious work, as well as of the new observations of 1909 and 1910, the purpose being to set 
forth the phenomena of glaciation in this region in the light of a series of investigations 
each of which has added something to a story of glacier condition and behavior of 
more than ordinary interest, and of quite unusual character. 



CHAPTER m 

THE MALASPINA GLACIER AND ITS TRIBUTARIES 


The Malaspina Glacibb 

Qmeral Description. From snow-covered Mount St. Eli^ and Mount Logan, 18,000 
and 19,500 feet high, and from the 10,000 to 16,000 foot mountains to the east and 
west a multitude of glaciers descend, the six largest of which named from west to eastt 
are the Guyot, Tyndall, Agassiz, Seward, Marvine, and Hayden. These glaciers, fed 
by many tributaries, have their sources far back among the mountains and their upper 
portions are unknown. 

Where they emerge from their mountain valleys they are broad ice streams, ranking 
among the largest of the Alaskan valley glaciers. The great volume of ice which flows 
out of these valleys suflSces to build the broad ice plateau (PI. VH) which skirts the 
mountain base from Yokutat Bay to Robinson Hills, which, according to Russell, has 
an area of about 1500 square miles, more than the area of the state of Rhode Island, 
and far the largest glacier in America, or, for tihat matter, in all the world, excepting 
only in the polar regions. 

The single glaciers lose their individuality at the mountain base, where they all coalesce 
to form the continuous ice plateau; but they nevertheless maintain an appreciable in- 
fluence on the Malaspina Gl^ier even to its outer margin. Because of this influence 
the ice plateau really consists of more or less pronounced lobes with boundaries sometimes 
marked by medial moraines, and with a moderately lobate front. Tyndall and Guyot 
Glaciers, deflected by the Chais Hills, a south-extending spur of Mt. St. Elias, appear to 
unite to form a pronounced lobe on the western margin, where the ice formerly crowded 
out into the sea and was terminated by a magnificent cliff from which icebergs were 
discharged into the open Pacific. From all the photographs and descriptions which we 
have been able to obtain from publications of explorers and from conversation with 
prospectors this western, or Guyot, lobe of the Malaspina differs from the eastern 
portion of the glacier in maintaining a generally crevassed condition from the mountain 
base to the sea. It is said to present an insurmountable barrier to travel, and it is the 
common belief of prospectors in this region, that the Malaspina Glacier is absolutely in- 
accessible from the west. It is certain that no one has yet crossed it. The Tyndall 
Glacier was easily traversed by the Schwatka and Topham parties in 1886 and 1888 but 
no attempt was made to cross the Guyot. 

The Agassiz lobe, next east of the Guyot, fed by Libbey and Agassiz Glaciers, is a well 
defined lobe, bordered by moraines on both the eastern and western margins, and faced 
by a broad tract of stagnant and semi-stagnant ice bearing an extensive waste of abla- 
tion moraine, and on its outer edge supporting a forest of spruce and cottonwood. Around 
the periphery of this lobe there is the greatest development of ablation moraine, and 
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apparently the broadest area of stagnation. Here too, we find the ice front farthest 
from the sea, and with the broadest fringe of outwash gravels; and it is from the western 
margin of the lobe at its junction with the Guyot lobe, that the Yahtse River emerges, 
one of the largest glacial streams that pour out from the Malaspina front. 

Adjoining the Agassiz lobe on the east is the Seward lobe, which, so far as our present 
knowledge permits us to judge, is the largest of the Malaspina lobes. Certainly no other 
exceeds it in size excepting possibly the Guyot, about whose extent and characteristics 
little is known. On lie western side and front it is fringed completely by a border of 
ablation moraine, but on the eastern side it is not definitely separated from the Marvine 
lobe. It is in the Seward lobe that the Malaspina Glacier extends farthest from the 
mountains, reaching the ocean at Sitkagi Bluffs, but not discharging icebergs. At this 
point there is a low, moraine-covered cHff against whose base the waves of the Pacific 
Ocean break (PI. IX, A). 

The easternmost lobe of the Malaspina Glacier is that dominated by the Marvine Gla- 
cier. ' It is far less pronounced than the others, and, as already stated, the boundary be- 
tween it and the Seward lobe is not marked by any line of moraine. Since Seward Glacier 
is much larger than Marvine it might be inferred that the Seward lobe would crowd 
eastward to the shores of Yakutat Bay, and possibly it does so under normal conditions; 
but in 1906, when Marvine Glacier was advancing, the ice broken by the advance ex- 
tended along the entire shore of Yakutat Bay almost to Point Manby. It is quite prob- 
able, however, that the western portion of the broken ice was really a part of the Seward 
lobe temporarily affected by the forward thrust of the Marvine ice. On its eastern side 
the Marvine lobe spreads out nearly to Yakutat Bay and to the Kwik River. It is 
enabled to spread out in that direction because of the absence of any obstacle; but toward 
the west it competes with the Seward lobe for an opportunity to spread out as a piedmont 
bulb. Really, therefore, the Seward and Marvine Glaciers combine to form one broad 
lobe, each glacier dominating one side of the lobe and at the contact so merging into one 
another that the line of division is not recognizable. The Marvine or eastern portion 
of this lobe is fringed by a narrower border of ablation moraine than common, and its 
front is separated from Yakutat Bay by only a narrow fringe of outwash gravel. The 
extreme eastern margin of the lobe, which forms the western border of the Kwik River 
valley, was, up to 1906, in such a stagnant condition that it was covered by a thick abla- 
tion moraine in which grew a spruce, cottonwood, and alder forest. This stagnant part 
represented that portion of the lobe that spread farthest east and was, therefore, least 
under the infiuence of the supply of ice which the Marvine Glacier contributes to make the 
lobe. The entire eastern margin, nearly to the mountain base, is covered with abla- 
tion moraine. 

The Hayden Glacier, unlike the other tributaries, forms no great lobe, in this respect 
resembling many smaller glaciers that unite with the Malaspina. It j oins the ice plateau, 
athwart the current of the Marvine, and almost at right angles to it. At Blossom Island 
the Hayden Glacier coalesces with the Marvine lobe of the Malaspina and prior to 1906 
the drainage of the Blossom Island region escaped through a subglacial tunnel at this 
point; but the advance of Marvine Glacier in 1906 closed this tunnel and the drainage 
found a new outlet farther up the margin of the Hayden Glacier. 

In 1905 it was not possible to say where the Marvine ice and Hayden Glacier joined, 
both being stagnant. In 1906 the contact between the Hayden and Malaspina Glacier 
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was clearly indicated, from Blossom Island southeastward, by the crevassed ice of the 
Marvine lobe, and it was evident that the Hayden Glacier contributed little to the ice 
supply of the Malaspina. On emerging from its mountain valley the Hayden Glacier 
spreads out, and in 1906 its crescentic outer boundary was shown with almost diagram- 
matic clearness by the change in condition between the smooth surface of the ice con- 
tributed by the Hayden and the broken, crevassed ice of the Marvine lobe. Besides 
pushing out into the Malaspina, the current of the Hayden ice is deflected southeast- 
wards along the western base of the Floral Hills, giving rise to a narrow, wedge-shaped 
area which in 1906 was uncrevassed, in striking contrast to the ice of the Malaspina to 
the west and south of it. The Kwik River emerges from its subglacial tunnel at the 
point of contact between the Hayden wedge and the Marvine lobe. 

We have no definite knowledge of the rate of motion of any part of the Malaspina Glacier 
but from Russell’s description, and from our briefer study of it we are confident that 
there is great difference in rate of motion in different parts. In the crevassed Guyot lobe 
there must be rapid movement down to the sea; and that there is rapid motion where the 
great valley glaciers emerge from their mountain valleys is indicated by the crevassing 
there, as shown by the Abruzzi photographs of the debouchure of Seward Glacier, by 
the enormous ice plateau which they supply and maintain, and by areas of crevassing 
in the valley portions of the tributary glaciers. From these extremes there is every gra- 
dation in rate of motion to complete stagnation in interlobate areas and in those por- 
tions of lobes where the ice has spread out farthest; but throughout the greater part of 
the ice plateau there must be some motion in order to keep up the supply. That this 
motion is not rapid, however, is indicated by the general absence of extensive crevassing. 
In general the surface of the Malaspina Glacier during the period of observation, up to 
1906, was smooth and slightly broken. There were of course some cracks, and some 
areas of crevassing, there were moulins, and there was roughness due to differential abla- 
tion; but that there was a condition of general smoothness, as glaciers go, is indicated 
by the successsful use of the Malaspina Glacier as a highway of travel and transportation 
of supplies, partly by sledges, by all the mountain-climbrng expeditions, over several 
routes. 

In winter the entire surface of the glacier is buried beneath a thick blanket of snow, 
and from much of its surface this is melted off by the first of August, but patches remain 
in protected places throughout the summer. The snow line on the Hayden Glacier, 
according to Russell, lies at an elevation of 2500 feet, which brings it well up in the moirn- 
tain valley tributaries of the glacier. This agrees with our observations of 1905 when the 
snow line was above Floral Pass late in August, and in 1906, when we found the snow line 
just below Floral Pass, in July. In 1905 its elevation was above 1500 feet at least, but 
in 1906, owing to an accident to our barometers, we were unable to determine its elevation. 
While some of the higher parts of the Malaspina Glacier may rise above snow line, es- 
pecially near the mountains, most of its ice surface is exposed to melting during a part 
of the summer. In the lower, outer portions, the summer ablation continues through 
several months, but on the higher portions, near the mountains, the period of ablation 
is very brief. Observations on Hayden Glacier between Floral Hills and Blossom Island, 
in late July, 1906, showed a rate of ablation of about 4 inches a day and at this point the 
water on the ice froze as soon as the sun sank low in the western heavens. The rate and 
extent of ablation on this glacier is so great that unless it were in motion throughout 
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most of its area it could not maintain its size and form. Back of the fringe of ablation 
mor^e, which checks ablation, there would, of necessity, be a depressed area due to 
wasting away of the clear ice unless new supplies were being constantly added. 

The surface of the Malaspina Glacier, is, in general, a vast expanse of clean ice 
CPI. IX. B) ; but the monotony of the waste of ice is relieved by areas of moraine, 
especially prominent in two positions, as ablation moraine around the periphery 
(PI. X, A) and as medial moraines between lobes. The latter areas represent lateral 
moraines of the glaciers forming the lobes, brought in relief by ablation. The former, 
consisting mainly of material incorporated in the ice in the mountain valleys and the 
glacier reservoirs, is concentrated at the surface in broad tracts, and in places to con- 
siderable depth, by the ablation of the ice through which the debris was scattered. 
Possibly some of this peripheral moraine is supplied by uprising bottom layers, but of 
this we have no evidence. A third class of moraine, more difficult to understand, is 
long, sinuous lines of scroll-like moraine, forming a black tracing in the expanse of 
clear white ice. Russell suggested as explanation of such moraines some unknown 
variations in ice currents and this is possibly a correct interpretation tho ugh it is 
difficult to conceive the process. Another hj^pothesis suggests itself to us* namely, 
that these sinuous moraines may, in part at least, represent avalanche falls upon the 
upper glaciers, spread out in lines by the currents of the ice. We have seen them only 
from a distance, but they are most striking phenomena, resembling the lines of foam 
that develop in a swirling river current. 

The periphery of the Malaspina Glacier is for the most part skirted by a fringe of al- 
luvial fan deposits, crossed by a multitude of streams of which the largest, all raging tor- 
rents, are the Kwik, Kame, Osar, Manby, Yahna, Fountain, and Yahtse (PI. VIII), AU, 
burdened with vast quantities of clay, sand, and gravel, are depositing rapidly in the sea 
and thus extending the area of the fringe, and, by deposit in lieir beds, being forced to 
divide and subdivide, and constantly shift their courses, are raising the surface of the 
alluvial fringe. Where the streams cross the narrow strip of outwash gravel plain the 
rapid deposit by the ever-shifting branches prevents the growth of vegetation and, there- 
fore, gives rise to barren alluvial fans; but in those portions where only small streams 
flow there is a growth of vegetation, in places spruce and hemlock forest, elsewhere cotton- 
wood, or only alder and willow. ‘Because of the fact that the plain lies near sea level, 
while the ice immediately back of it is so covered by moraine that it has little effect on 
the climate, the forest here grows as luxuriantly as elsewhere on this part of the Alaskan 
coast wherever the absence of glacial streams ^ves sufficient freedom from destructive 
mun(ktion. This forest grows not only in front of the glacier, but, wherever there is a 
sufficient degree of stagnation of the ice to permit the growth of trees without the under- 
mining action of a slumping soil, it encroaches on the glacier itself (PI. X, B). This is 
not a general condition around the whole margin of the Malaspina but is confined to two 
limited regions of ej:ceptional stagnation,— along and near the Kwik River, and in 
the neighborhood of the Yahtse River. 

^ Malaspina Glacier is interesting in itself as a perfect type of a kind of glacier not recog- 
nized until Russell described its characteristics. It has an even wider interest from the 
fact that it is an existing example of a type which in former times must have been far 
more pensive. During the period of former expansion of Alaskan glaciers it was dupli- 
cated in many places along the Alaskan coast. The piedmont type of glacier was repre- 
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sented in former times in many parts of the Rocky, Cascade and Coast Ranges of western 
United States and Canada when glaciers flowed down these mountain valleys to the 
base. The type may very well have appeared in Norway and Great Britain as the ice 
sheets of the Glacial Period advanced from the highlands, and again as the waning ice 
sheets shrank back toward the highland areas. In the Alps, too, conditions favoring 
the development of piedmont glaciers appeared. Indeed, wherever mountain glaciers 
passed beyond their mountain valleys out upon level land, expanded piedmont bulbs 
must have formed, as in the valleys of the Italian lakes south of the Alps; and where 
two or more such bulbs coalesced piedmont glaciers resulted, as upon the plateau north 
of the Alps. For the interpretation of the evidence of such former piedmont glaciers 
the study of the conditions on and around the Malaspina Glacier throw much light. The 
resemblance of those piedmont glaciers which have vanished to those which still exist 
in Alaska in the main features, both of form and deposits, must have been great, for in 
both cases the conditions of supply are similar, and in both cases the conditions of 
wastage in a cool temperate climate are alike. 

Early Observaiions on the MdUisjyina, The early explorers of the eighteenth century 
seem to have recognized the glacial character of this great ice mass, for Vancouver, in 
describiug Icy Bay in 1794,^ says he saw a “high abrupt cliffy point forming the west 
point of a bay, boimded by a solid body of ice or frozen snow.” Tebenkof’s Icy Bay 
chart of 1848 (Fig. l), based upon the log books of several Russian explorers sent out 
in 1788 and from 1793 to 1807, shows eight miles of glacier fronting on Icy Bay behind 
which is a surface supporting trees.® Belcher in 1837 ® says that “the whole of this bay 
and the vaUey above it was now found to be composed of (apparently) snow ice about 
thirty feet in height at the water cliff. . . . The small bergs or reft masses of ice, 

forming the cliffy outlines of the bay, were veined and variegated by mud streaks like 
marble, and where they have been exposed to the sea were excavated into arches, etc., 
similar to our chalk formations. ... In Icy Bay the apparently descending ice 
from the mountains to the base was in irregular broken masses.” Vancouver also said, 
“As the vessel advanced along the coast from Point Riou the country became less woody, 
and beyond the low, projecting point it seemed only to produce a brownish vegetation, 
which further to the eastward entirely disappeared, and presented a naked, barren 
country, composed apparently of loose unconnected stones of different magnitudes.” 
Tebenkof described the low country between Mt, St. Elias and the sea as a forest-covered 
tundra where “through cracks in the gravelly soil, ice could be seen beneath.” 

Possible Great Advance of the Malaspina, These statements, some of which have been 
quoted previously by Russell ^ and by Davidson,® assign to the Malaspina Glacier such 
different conditions from those obseiwed since 1890 that one is led to question whether 
the difference can be entirely due to failure of observation. A possible explanation of 
the difference may be that before 1794 Malaspina Glacier had undergone a long period 
of stagnation and recession resulting in the ablation-moraine surface of “naked barren 

1 Vancouver, Capt. Greorge, Voyage of Diacovery, Vol. V, 1801, pp, 849, 851. 

* Tebenkof, Capt. Michael, Hydro^aphic Atlas and Observations, with 48 charts. St. Petersburg, 1848 
and 1852. 

■ Bdcher, Capt. Sir Edward, Narrative of a Voyage Round the World, London, 1848, Vol. I, pp. 7^0. 

« Russell, I. C., Nat. Geog. Mag., Vol. Ill, 1891, pp. 66-70. 

■ Davidson, George, The Glaciers of Alaska that are Shown on Russian Charts or Mentioned in Older Narrar 
tives, Trans, and Proc. Geog. Soc. Pacific, Vol. m, 1904, pp. 43-47, and Map VI. 
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country” with “loose unconnected stones” and ice beneath cracks in the gravelly soil 
observed by Vancouver and the Russians, with trees growing in it W’here the crevassed 
Guyot Glacier is now unencumbered, with the shore-line east of the Yahtse River shown 
on the 1788-1807 chart markedly different from that of Russell in 1891, and with the 
deep re-entrant of the Icy Bay of Vancouver, Belcher, and Tebenkof. Subsequently 
there may have been an advance of Malaspina Glacier front, notably altering the condi- 
tions. This advance would probably be shortly after 1837, as the surface was not ap- 
parently much crevassed when seen by Dali and Baker in 1880, by Schwatka in 1886, 
and Topham in 1888, and trees had grown to good size before Russell’s visit in 1891. 
Russell neither mentions nor shows photographs of any trees on the west or central part 



of Malaspina Glacier old enough to disprove this interpretation. Davidson suggests 
that Malaspina Glacier has crowded its way seaward obliterating the old Icy Bay.^ 

The most specific evidence m connection with this interpretation, with which we agree, 
and not discussed by Davidson, is found in a map, and a native legend. Among the 
maps showing Icy Bay, we refer to that from Tebenkof ’s Atlas (reproduced here as Fig. 
1). The native legend is one quoted in Topham. 

The map shows a very definite Icy Bay five miles wide at the mouth, extending north- 
ward six to eight mules and apparently about on the site of the present Yahtse River. 
Within it are soundings of 6, 12 and 15 fathoms where only a delta existed at the time 
of Schwatka’s, Topham’s, and Russell’s visits in 1886, 1888, and 1891, as their maps 
show. Tebenkof ’s chart also shows a pronounced cape just east of Icy Bay, Shoal Point 
^the Pt. Riou of Vancouver), behind which is a good sized lake or lagoon. Shoal Bay, 

1 Op. dt., p. 45. 
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which no longer exists. The shore-line eastward to Yakutat Bay is also very different 
from the present coast. 

RusseU explained the absence of Icy Bay by supposing that it had been filled by the 
glacial streams and that its site is the present delta of the Yahtse River> That this 
interpretation is erroneous, and that Icy Bay was destroyed by glacial advance is indi- 
cated by the testimony of Yakutat natives. H. W. Topham was told in 1888 by George, 
second chief of the Yakutats, of this advance. He says? “There is a tradition amongst 
his people, that formerly there was a large bay running up from the sea to the very foot 
of St. Elias; that there was a village at the head of that bay; that all around the village 
was swampy or muddy (Yahts6) ground; that the mountain was, therefore, called 
Yahts6-tah-shah, tah meaning harbor, and shah meaning peak; that a river flowed into 
the bay from the northwest, where were large glaciers; that the east of the bay was all 
ice, but the west, sand and trees; that at the mouth of the bay dwelt some Indians, 
and that one day an Indian came rushing home crying ‘Quick, quick, the ice is coming,’ 
pointing to the river down which the ice was seen to be rapidly advancing. The Indians 
escaped along the shore. The ice came on right across the bay, till it struck the opposite 
shore, when it turned and continued down the bay to the sea, swallowing the village in 
its course.” 

The description of the bay at the very foot of Mt. St. Elias, with the river coming in 
on the northwest, agrees with the Tebenkof map, except that the west side had the glacier 
and the east side sand, swamp, and trees according to the map, but Mr. Topham may very 
well have misunderstood the natives about this, or the native story may have been in 
error. Native testimony and native legends are not very trustworthy bases for scientific 
conclusions; but in this case there is some reason for believing in the general accuracy 
of the story, for it is in harmony with the map which we have reproduced. While, there- 
fore, we cannot consider it demonstrated, we believe it possible and even probable that 
early in the nineteenth century the front of Malaspiaa Glacier has been very decidedly 
modified by pronounced advance. There is nothing in the present condition of vegetation 
in the region that disproves such an advance within the period between 1837 when Bel- 
cher“reached into Icy Bay ”and“ tacked in ten fathoms, mud,”* and 1886 when Schwatka, 
Libbey, and Seton Karr found no Icy Bay, but a Malaspina Glacier 25 miles widebetween 
the south end of Chaix Hills and the ocean.^ Indeed, Seward lobe may have possibly 
felt the impulse of advance before the Agassiz and Guyot lobes and have advanced before 
Belcher’s visit, for he mentions that the small islet under Pt. Riou shown by Vancouver 
was no longer there.® The diameter of the trees on the ice near Pt. Manby, as described 
by RusseU, suggest that the advance on this side was perhaps before 1837. The advance 
was pretty surely before 1874, when DaU made his first visit to Malaspina Glacier aUuded 
to below, but as he did not visit the part of the ice front near Icy Bay this cannot be 
settled positively. 

The establishment of a modem advance of such magnitude just west of Yakutat Bay 

1 ISth Anmifll Report, U. S. Geol. Survey, 1894, p. 13. 

> Topliam, H. W., A Visit to the Gladera of Alaska and Mt. St. Blias, Fioc. Roy. Geog. Soc., Vol. XI, 1889, 
pp. 482-483. 

• Op. dt., Vol. I, 1848, p. 79. 

4 SetoD Karr, H. W., Shores and Alps of Alaska, London, 1887, map on p. 87. 

■ Op. dt., Vol. 1, 1843, p. 79. 
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would be very important, for it matches the latest great advance in Yakutat Bay and 
Russell Fiord, ^ which we have tentatively dated as not much over a century ago, but 
from which the ice has now retreated 15 to 25 miles, as will be described in a later chapter. 
That Malaspina Glacier has had a recent great advance, though of a date which cannot 
be stated exactly, is proved by the forest trees incorporated in the gravels at Blossom 
Island, although trees are growing on its summit. This advance may have occurred 
within a century, and it may be indicated by the evidence above stated; but we cannot 
correlate it with certainty. 

Later Observations on ike Malaspina. Between May 21 and 26, 1874, a Coast Sur- 
vey party visited Yakutat Bay and made a determination of the elevation of Mt. 
St. Elias.^ At this season the entire surface of the Malaspina Glacier was so covered 
with snow that its true character was not discovered; but in June, 1880, when the snow 
had disappeared from ,the lower portions of the glacier, the fact that it was a low-lying 
ice plateau at the mountain base was discovered by Dali and Baker and the name Mal- 
aspina was given to it.® It was then stagnant and partly covered with moraines with 
some vegetation on the ice near Pt. Manby. In the next decade several expeditions 
crossed a part of the glacier and made observations upon it, though the main object of 
the expeditions was the ascent of Mt. St. Elias rather than glacier study. These were 
the New York Times Expedition of 1886, as a result of which parts of Malaspina Glacier 
were briefly described by Lieut. Frederick Schwatka,* by H. W. Seton Karr,® by 
Prof. William Libbey, Jr.,® and the Topham Expedition of 1888, after which parts of the 
western Malaspina Glacier and its tributaries were described by H. W. Topham,’ by 
George Broke ® and by William Williams. These explorations, however, were not made 
in that part of the Malaspina Glacier on which the authors of this book have made 
their recent observations. 

It was not imtil Prof. I. C. Russell made his first expedition to Mt. St. Elias, in 1890, 
that the remarkable peculiarities of the Malaspina Glacier were made known;^° and addi- 
tional observations were made the following year in his second expedition. On these 
two expeditions Russell crossed all the tributaries of the Malaspina between Yakutat 
Bay and the base of Mount St. Elias, and ascended several of them; he traversed the 
entire outer margin of the Malaspina from the Yahtse to Kwik River; he crossed the 

1 Tarr, R. S. and Martin, Lawrence, Bull. Amer. Geog. Soc., Vol. XXXVIli, 1906, pp. 16S-164; Tarr, R. S., 
Profeafflonal Paper 64, U. S. Geol. Survey, 1909, pp. 184-187. 

* Dah, W. H., Ann. Rept., U. S. Coast Survey for 1875, Appendix 10, p. 167. 

> Coast Pilot, Alaska, 1, Washington, 1883, p. 91 %. 

* Schwatka, P., New York Times, Oct. 17, 1886; The Eapedition of the New York Times, Century Magazine, 
Vol. XU, 1891, pp. 866-872. 
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glacier from the Yahtse to the base of Mt. St. Elias; and he made several excursions out 
upon the ice and to the bordering mountain side. From this comprehensive study he 
has given us an account of this remarkable ice plateau which has not since been im- 
proved upon; he made a general map (PL XI) which is the basis for all others; and 
he showed clearly that the Malaspina represented a hitherto unrecognized type of 
glacier to which he gave the name piedmont glacier. 

In 1897 two expeditions started from Yakutat Bay with the object of ascending Moimt 
St. Elias. Both crossed the Malaspina Glacier to the mountain base, using the glacier 
as a highway of travel as Russell had done. One of these, led by H. C. Bryant, was forced 
to abandon the attempt to reach the summit of the mountain, and unfortunately no 
description of the results obtained has been published. The other, led by Prince Luigi, 
Duke of the Abruzzi, succeeded in ascending to the summit of St. Elias, and in the report 
of the expedition^ there is some description of the glacial phenomena, and some excellent 
photographs by Vittorio Sella are published. 

Our own observations of Malaspina Glacier are principally upon the eastern edge where 
we traversed portions of its surface and some of its tributaries in 1905 and 1906, examin- 
ing more distant parts of the glacier with field glasses in these years and in 1909, 1910, 
1911 and 1913 and seeing parts of the western edge from the ocean in 1904 and 1910. 
For the sake of completeness, however, we shall review the conditions in the whole 
glacier, dealing with the western part of Mala^ina briefly, except where we present fresh 
facts and discuss new interpretations of conditions there and more fully with the 
eastern portions where personal observations enable us to write with greater confidence. 

Gtjtot, TranALL, Libbht, Agassiz and Sbwahd Glacibes 

The western tributaries of the Malaspina (shown in Fig. 2 and PL XI) have been ob- 
served by the authors of this book only from a distance. No recent advances of these 
glaciers, similar to that of the eastern tributaries of the Malaspina described in this 
chapter, are known to have taken place. As the western glaciers are liable to future 
advances, similar to that of Marvine Glacier, it has been deemed proper to describe 
their history so far as it is known, especially as we are able to call attention to evi- 
dence of older advances, not previously summarized. 

Guyot Glacier seems to have been severely crevassed from rapid normal movement 
throughout recent times and there are no known changes aside from the possible great 
advance above referred to. 

Tyndall Glacier was apparently rather inactive in 1886-88, more active and crevassed 
in 1891, and perhaps not as active in 1897. The map published by the New York Times 
Expedition ® and the Topham Expedition ® indicate that Tyndall Glacier was not im- 
passably crevassed in 1886 and 1888, for the routes of these parties go up near the middle 
of the glacier, A photograph from the Chaix Hills, taken by Russell in 1891, reproduced 
here as PL XU, A, shows such severely crevassed ice along the route followed three years 
before by the Topham party that a renewal of activity between 1888 and 1891 is thought 

1 Filippo de Filippi, The Ascent of Mount St. Elias by H. R. H. Prince Luigi Amedeo di Savoia, Duke of the 
Abruzzi, London, 1900. 

> Seton Karr, H. W., Shores and Alps of Alaska, London, 1887, map on p. 87. 

a See Broke, George, With Sack and Stock in Alaska, London, 1891, map facing p. 61. 
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possible. Bryant’s photograph of Tyndall Glacier from an adjacent peak in Chaix 
Hills in 1897 seems to show much less crevassing. 

A rumor in Alaska in 1909 that a long narrow bay extending many miles back into the 



Pig. 2. Tofham’b Map op the Wbbtern Portion op Malabfina Glagieb in 1888. 

western part of Malaspina had recently formed, suggested that Tyndall and Guyot Gla- 
ciers had either retreated very rapidly by the floating away of large ice masses or had 
advanced notably so that a new bay was formed along one side of the lobe. This was 
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investigated as far as possible in 1910 and a prospector, Mr. Joseph Pelagrird of Yakutat, 
who had recently been to the west edge of Malaspina Glacier, informed the junior author 
that a small cove does exist in the ice front near the Robioson Hills but that it is much 
smaller and shallower than has been commonly reported; that it is not on the site of 
the old Ice Bay but west of Guyot Glacier; and that it was not there on an earlier occa- 
sion when he visited this coast. He thought it had been formed by the floating out of an 
ice block. 

In May, 1911, Mr. C. G. QuiUian, commanding the United States Coast and 
Geodetic Survey steamer McArthur went within a mile of the western edge of the 
Malaspina Glacier. He examined the new Icy Bay at its western margin.^ It is in 
such a position as to indicate that the Guyot lobe of Malaspina Glacier has receded 
several miles. The latest Coast Survey map * indicates that this recession of Guyot 
Glacier is about 9 miles, but Captain Quillian’s estimate of the distance is only to 
miles. The discharging face of the glacier within the bay was 200 to 260 feet high 
in 1911. The recession which formed this bay surely took place later than October 4, 
1904, when the junior author saw Icy Cape from a steamer close inshore, and before 
1909. 

Agassiz Glacier and its tributary, the libbey Glacier, are normally somewhat crevassed 
in their mountain valleys, Libbey less than Agassiz, but their outer portions and exten- 
sion into the piedmont Malaspina plateau were stagnant and more or less covered with 
ablation moraine when seen by Bryant in 1897 (PL XII, B), and by Russell in 1891. 
In view of this inactivity the advance of the border of Agassiz lobe on the edge of 
Chaix Hills in 1886 is worthy of notice. Schwa tka states ® that “at one point of the 
ice foot the glacier had shoved down into the timber, crushing into pulp and splinters 
huge trees five and six feet in diameter, as a child would sweep together his pile of j'ack- 
straws with his hand.” Seton Karr ^ locates this point of advance on February 23 and 
24, 1886, on an “island” south of the end of Chaix Hills, one of their camp sites, 
“This island was bordered on one side by the glacier, which was gradually advancing 
over it, crushing up the tall pines, rending them into matchwood, and heaping one 
over the other — ^a scene of gradual destruction by a resistless force. The onset of 
the glacier was overriding and burying the patch of wood.” . . . “Close by, over 

the river and looming through the smoke, hung frowning cliffs of ice, the flank of the 
glacier-face which was burying our island; while, as if to add an additional horror to 
the scene, a tree crashed down at that moment, overborne by the weight of the ad- 
vancing glacier.” It is not explicitly stated by Schwatka and Seton Karr but it seems 
dear that this was an advance of Agassiz rather than Tyndall Glacier because of the 
ease with which the latter was traversed by the party during the next few days. 

Topham, however, describes the continuation of this advance specifically in connection 
with his journey up the east side of Chaix Hills on the border of Agassiz Lake, in 1888.^ 
This advance seems to have continued for at least two years, although it must have 
been nearly over in 1888 when they were able to travel along the edge of the ice. He 

1 Personal communication. 

* Chart 800Z, March, 1912. 

I Century, Vol. XLI, 1891, p. 869. 

« Op. cit, pp. 91, 96. 

» Topham, W. H., Proc. Roy. Geog. Soc., Vol. XI, 1889, p. 428. 
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says “the Malaspina Glacier has shrunk away from the hills, and has left a mo- 
raine along their sides. Nevertheless, at one place, at an angle formed by a spur 
of the hills, the glacier is pushing up against the side of the hills and is crushing down 
the scrub trees and beautiful flowers. So fast is it doing this, that branches of alder, 
partially covered with stones and quite aHve, are peeping forth from under the d6bris 
and protesting against the encroachment of the ice. This debris consists for the most 
part, not of stones brought along upon the surface of the ice, but of an old moraine, 
which is being overwhelmed and crushed. I believe that this ice is sliding and swelling 
over the older ice below so that it can have little or no effect upon the Malaspina Glacier 
taken as a whole. There are no signs along the edge of the latter down by the mouth 
of the Yahts6-tah, that it is either advancing or receding There are no piles of stones 
left behind to indicate its retreat, and no trees crushed down to show its advances.” 

The upper parts of Agassiz and Seward Glaciers, apparently normally crevassed 
because of more rapid movement, have been vividly described by Russell and by Abruzzi. 
Seward Glacier (PI. XI), perhaps the largest valley glacier in North America, with its 
known length of 25 miles and unknown extension of perhaps 25 miles more, its 
average width of 3 to 6 miles and its scores of great tributaries, is of especial interest 
as it is the largest tributary of the Malaspina. 

In 1890 Russell described the Seward Glacier within its mountain valley rather fully,^ 
making measurements of its rate of movement which seemed to be about 20 feet a day in 
the central part of the ice stream. 

Seven years later the Abruzzi expedition traversed parts of Seward Glacier, taking 
many splendid photographs which wiU be of value for determining future conditions 
in Seward Glacier, and noting especially * a greater amount of crevassing than in 1890, 
The motion, however, was appar^tly slower in 1897 than the rate measured by Russell 
for Filippi calls attention to the fact that “Mr. Russell and his fellow-explorer, Mr. 
Kerr, both relate how seracs frequently crashed down with such force as to shake the 
ice under their feet, and they add that almost incessant reports and rumblings were 
produced by the rolling and shattering of the fallen rocks. Nothing of the kind was 
observed by ourselves during the days we spent on and about the Seward. The glacier 
was always perfectly quiet; only now and then a solitary stone would come down, or a 
fragment of s6rac would drop into a crevasse with a dull thud.” A possible interpreta- 
tion of the greater crevassing but slower ihovement in 1897 would involve a period of 
more rapid movement just beginning in 1890 (Russell unfortunately did not go back this 
way in 1891), but which had ceased before 1897, although the glacier was still severely 
crevassed the latter year as a result of it. 

In 1911 Seward Glacier was easily crossed near Pinnacle Pass by a Boundary Survey 
party. Their photographs indicate that the crevassing was about the same as in 1897. 

In 1891 Russell observed near Point Manby evidence of a former advance of the Mala- 
spina border due to earlier renewal of activity of either Seward or Marvine lobe.® “A 
recent advance of the glacier had cut scores of spruce trees short off and piled them in 
confused heaps. After this advance the ice retreated, leaving the surface strewn with 
an irregular -'sheet of boulders and stones. , . . The glacier during its advance 

1 Nat Geog. Mag., Vol. m, 1891, pp. 177-180. 

> The Ascent of Mt St. Elias, London, 1000, p. 111. 

• 13th Ann. H^t, TJ. S. Geol. Survey, 1894, p. 68. 
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ploughed up a ridge of blue clay in front of it ... thickly charged with sea shells ^ 
of living species.” 

In neither 1905, 1906, nor 1909, did we make any observations on Seward Glacier or 
the Seward lobe of the Malaspina Glacier excepting to look out upon it from elevated 
points near the eastern margin of the Malaspina. Even such views, distant though they 
were, were sufficient to show that the Seward lobe had not in any one of these years 
felt the impulse of a forward thrust similar to that which swept down the Marvine lobe 
in 1906. From Blossom Island, in 1906, an area of crevassiug was seen near the point 
where Seward Glacier emerges from its mountaiu valley which was thought to possibly 
represent the beginning of an advance, for one of the 1906 party, Mr. Alexander, who 
was on the Abruzzi Expedition in 1897, was sure that the crevassing was much greater 
the latter year in parts of the glacier sledged over by him nine years before. So far as 
could be seen in 1909 no great advance had taken place in the interval. The surface 
of the Seward lobe appeared to be as smooth as formerly, though near the mountains 
there is a very irregular ice surface which is probably normal, for photographs by the 
Duke of Abruzzi’s party in 1897 also show crevassed ice in approximately this position. 

It may be pointed out that it is quite possible for a large glacier, with many tributaries, 
to have more than one advance, with different degrees of intensity, as an outcome of 
earthquake shaking. The advance of one tributary, or of several combined, might cause 
slight advance, and later another greater advance might result from the thrust derived 
from a larger glacier or several tributaries. There is no proof that this has been the 
case in the Seward Glacier and it is merely stated as an interesting possibility, and in 
order to make it clear that a slight thrust may have occurred in 1906 and yet, after 
an interval of years, a still greater advance might begin. 

Marvinb Glacier 

Stagnant in 1890. RusseU describes Marvine Glacier within its mountaia valley as 
partly covered with “interminable fields of angular d6bris,*’^ with areas of “hard blue 
ice,” some medial moraines, “broad areas covered with sand cones and glacier tables,” 
but apparently, with no amount of crevassing such as would interfere with rapid packing 
over its surface. 

The Marvine lobe of Malaspina Glacier seems to have also been inactive in 1890 
and possibly at least as long before as 1874, as is suggested by the observation of 
the botanist Coville.^ In 1899 with a small party from the Harriman Expedition he 
spent several days on the eastern border of Malaspina Glacier about half way from 
Disenchantment Bay to Point Manby. Here the ice at the border of the Marvine 
lobe was covered with a thin layer of soil which supported vegetation. There were 
no spruces growing on the ice but the oldest alder bushes were perhaps 8 feet high 
and S5 years old. 

Litde Changed in 1906. On August 22nd, 1905, the junior author climbed up from 
Hayden Glacier and looked out upon the Marvine and Malaspina Glaciers, with field 
glasses, from an elevation of 1585 feet on the Floral Hills. At that time the valley por- 
tion of Marvine Glacier and a broad belt along the eastern margin of the Marvine lobe 

1 Nat. Geog. Mag., Vol. m, 1891, pp. and PI. 17. 

* Coyille, F. V. , Personal communication. 
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of Malaspina Glacier were covered with ablation moraine. This was recorded by notes 
and in a sketch map and photographs (PL XIII, A). Dirty, somewhat crevassed ice 
was observed along the border of the Hitchcock Hills toward the point of emergence of 
Seward Glacier, in Malaspina Glacier down to what was then taken to^be Kame Stream, 
and thence eastward parallel to the glacier margin. Outside this moraine belt was clear 
ice with the morainic scrolls previously alluded to. There was no lake visible near 
Blossom Island. The Marvine Glacier, however, was apparently not crevassed, in its 
valley, and seems to have been almost exactly as when traversed by Russell in 1890. 
The whole eastern Malaspina Glacier, although not seen from nearer than this, seems 
to have been in the fall of 1906 essentially as it had been when crossed by the expeditions 
of 1890, 1891, and 1897, except in the portion near the east border where crevassing had 
then commenced. Near the debouchure of Marvine and Hayden Glaciers the moraine- 
veneered ice was broken into flat-topped tables or seracs, but practically none of the 
debris had as yet disappeared into the crevasses. Its condition was not unlike that of 
lower Luda Glader in 1909. In view of the remarkable extension and continuation of 
crevassing observed by the senior author m 1906, this beginning of crevassing in 1905 
is of much interest,^ espedaUy as this wave of advance which produced the crevassing 
seems to have appeared in the piedmont bulb before it aflFected the valley glacier. This 
area of crevassing is similar to the much smaller one seen in Atrevida Glader the same 
year. Our impression was that even the crevassed area could have been crossed in 
August, 1905; but in 1906 this part of the Malaspina Glacier was impassable. 

Advance of Marvine in 1906, The expedition of 1906 had for its object the crossing of 
Malaspina Glader from east to west and the further study of this piedmont ice mass; 
but by a sudden and most unexpected change in the condition of the eastern or Marvine 
lobe this plan was thwarted. The nature of this change, as observed along the eastern 
margin of the Malaspina Glacier from Point Manby to Blossom Island, has been fully 
described ® elsewhere, and will only be summarized here. 

Where Marvine Glader emerges from its mountain valley above Blossom Island the 
progress of the expedition of 1906 was absolutely barred by a sea of crevasses and bristling 
pinnacles (PI. XIV), the entire glacier surface from side to side, for a width of fully 4 
miles, being broken as only rapidly-moving glaciers are, and resembling an ice fall in the 
intensity of the breaking. Yet it was at this very point that Russell had easily crossed 
in 1890, carrying his entire outfit toward Mount St. Elias. From this point down to 
the sea the surface of the Marvine lobe was broken into an impassable condition, and the 
margin of the glacier was also continuously broken except where joined by the Hayden 
Glacier, by which the area of crevassing was pushed out from the mountains. We 
could not get far out upon the glader at any point along the margin, for everywhere the 
way was barred by an impassable network of crevasses. This condition of breakage 
extended even to the shores of Yakutat Bay, and across the routes followed by Russell 
on his retreat in 1891 and by the Bryant and Abruzzi expeditions in 1897. The area 

» Ke fact of this beginning of crevassing in 1905 was not seen by the senior author, who did not cross Atrevida, 
Lucia, or Hayden Glacier in 1905. It was not known to him when he wrote the several papers on the 1906 con- 
ditions in which he has assumed that the crevassing began between August, 1906 and June, 1906. We did not 
see the area together in either 1905 or 1906 and the recorded observation of crevassing iu 1905 only been 
noticed since our 1909 e^edition. 

« Tarr, R. S„ The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, pp, 83-68; Tarr, 
R. S., Bull. Geol. Soc. America, Vol. 18, 1907, pp. 273-Z77. 



MAIASPINA GLACIER 


55 


of crevassed ice, some 4 miles wide where Marvine Glacier emerges, broadened toward the 
sea (Fig. 8), being about 5 miles wide opposite Blossom Island, and on the shores of 
Yakutat Bay extending from the Kwik River at least as far as Point Manby. For a 
distance of over 15 miles, from the mountains to the seaward face of the Malaspina, the 
ice was crevassed over a width increasing from about 4 miles near the mountains to 12 or 
IS miles near the sea. 

Near Blossom Island the senior author found this lobe of the glacier very different 
from its condition when Russell and others walked and sledged over it. It was im- 
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passably crevassed outside its moxmtain valley. There were many pinnacles and arfetes 
near the margin, and in the middle were flat-topped seracs surrounded by deep crevasses 
extending in all directions. It was clearly evident that the breaking in the expanded 
piedmont bulb in 1906 had been far less intense than in the mountain valley. The 
broken area had not been long exposed to ablation, for the flat-topped seracs had been 
so recently cracked that melting had not had time to roimd off their comers. The fact 
that not only the snow-covered, but even the bare serac-tops were not notably affected 
by melting proved that most, if not all, of the breaking had taken place after the period 
of ablation of 1905 had ceased. 

Sledging over this surface, which Russell and others had crossed easily, would have 
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been impossible in 1906 and even travel on foot could be undertaken only by the most 
difficult ice work. 

We traversed the eastern margin of Malajspina Glacier from the point of emergence 
of Marvine Glacier to the mouth of the Kwik River, and along this entire distance, ex- 
cepting only where dominated by Hayden Glacier, the ice was greatly broken. Prior 
to 1906 this land margin had been covered with ablation moraine bearing a forest of 
cottonwood and alder and some spruce along the margin of the lower Kwik valley, and 
this margin was so moderately sloping that it could easily be ascended at any point; 
in 1906, however, the margin was for the most part changed to a steep and broken cliff 
down which the ablation moraine was constantly sliding, while in the forest-covered area 
trees and bushes were overturned and were falling into crevasses or crashing down the 
newly steepened ice face (PI, XV, A) . The cliff was crevassed, often, into impassable 
condition, and the broken ice blocks protruded through the ablation moraine, giving the 
appearance of a frost-riven rock cliff, heightened by the earthy stain that the angular ice 
blocks bore, and by the trees that stUl stood among them. The ablation moraine, which 
had covered the ice for a depth of from 2 to 15 feet, and had so protected it from 
melting that sufficient stability was secured for the growth of trees to maturity, was 
now sliding into crevasses and down the ice cliff, often in mud flows. Abundant water 
(PI. XVI, A) was now supplied by the melting of the ice, newly-exposed to the air and 
rains, and small and large streams, heavily charged with morainic debris were issuing 
from all portions of the ice margin, where hitherto only trickling streams of clear water 
slowly oozed from the moraine-covered glacier. 

That the ice was being broken and crowded forward during July and August, 1906 
was evident as we passed along its base; and that the entire breakage was a result of 
changes during that year was indicated by the fact that among aU the trees found over- 
turned, not one was seen that had not fully developed foliage (PL XV, B) . This was the 
last season for man y trees, for in August some were dead and others had yellow leaves, 
as it dying. This evidence is in harmony with several other facts which indicate that 
this advance was confined mainly to 1906. These facts are as follows: (1) Our obser- 
vations of 1905, though not very fuU, indicate that the advance had barely begun; m 
other glaciers in the region underwent similar absolute transformation in the brief period 
of nine months; (8) the slight amount of ablation on the broken surface of the Marvine 
lobe, already mentioned; (4) the closing of the subglacial tunnel by which the waters of 
the Blossom Island region had formerly escaped, which occurred between the autumn of 
1905 and the nuddle of July, 1906, and which gave rise to the formation of a temporaiy 
expansion of the lake which lies in the Blossom Island depression.^ 

Thus a long period of stagnation of sufficient duration to permit the growth of a forest 
with trees a half century old, and in other portions of the glacier a period of such moderate 
motion as to permit the development of a smooth ice surface over which travel was ' 
easy in all directions, was abruptly ended by such a sudden and rapid forward motion 
that even the most stagnant portions of the ice margin were broken. Whether the ice 
was thickened by the advance could not be determined, for we had no exact basis for 
measurement, but, in view of the fact that other glaciers which advanced were thickened, 
it hi probable that this one was also. There was certainly some advance along the mar- 
gin, for only by this could the ice cliff be steepened and broken, and ice blocks caused to 

» Tarr, R. S., Profeasioiial Paper, U. S. Ged. Survey, 1909, p. 88. 



MALASPINA GLACIEE 


57 


fall from its front; and, moreover, there were places where it had encroached on the fring- 
ing forest; but there was no basis upon which we could determine the amount of forward 
motion. It is probable, however, that the amount of advance and thickening was not 
nearly so great here as in other glaciers, for there was a broad area of piedmont ice in 
which the energy of the forward thrust could be dissipated, that it is hardly to be 
expected that extensive thickening and advance could also be caused. It is remarkable 
that so vast an area of piedmont ice should have been affected (approximately 300 square 
miles) and this could only have resulted from a thrust of great vigor from the Marvine 
Glacier on its emergence from the mountain vaUey. 

Again Inactive in 1909. In the report on the expeditions of 1905 and 1906,^ it was 
predicted that the new cycle of advance of Marvine lobe would probably end in a treeless 
and moraine-free glacier margin after another season's melting had destroyed the forest 
and removed much of the moraine. Speaking of the advancing glaciers in general it 
was inferred that in each case stagnation would soon follow the dying out of the wave 
of advance, after which ablation moraine would again cover the glacier margins. The 
latter prediction was fully borne out by our studies of 1909, but the former was not. 

By the time we approached the margin of the Malaspina Glacier in 1909 we had already 
satisfied ourselves as to the main elements in the problems of the advancing glaciers, 
and felt little need of a comparative study of the Malaspina margin, which we had at 
first thought of undertaking. To have done so meant the entire abandonment of our 
plan of visiting the Prince William Sound region, for the difficulties of travel up Kwik 
valley are so great that several weeks would be required, and the route through Floral 
Pass was closed to us by the recent advance and resulting broken surface of Lucia Glacier. 
We, therefore, undertook nothing further than an examination of the Marvine lobe 
from elevated points at a distance, from which, however, we could clearly see its condition 
even with the naked eye, and satisfied ourselves that it showed no new features of 
importance that were not exhibited by other advancing glaciers of the 1906 group. In 
1910 the ice jam in Yakutat Bay made it impossible to land on the west side of the bay 
and examination of Marvine lobe with field glasses added no significant facts to those 
observed the previous year. In 1911 Marvine Glacier was once more so little crevassed 
that it was easily crossed in its mountain valley by a Boundary Survey party. In 
September, 1918, the Marvine lobe of Malaspina Glacier was examined from a distance 
with field glasses by the junior author* It seemed to be entirely stagnant and inactive, 
the margin being again covered with ablation moraine. 

All these observations clearly indicate that the advance of 1906 was short-lived, and that 
by July, 1909, it had completely ceased. Moreover, ablation had so healed the broken sur- 
face and margin that we were convinced that the advance ended soon after August, 1906. 
In the clear ice area of the Marvine lobe back of the margin, the ice surface looked much 
as it did in 1905; similar swirls of moraine were seen and the surface looked quite smooth. 
Doubtless a nearer view would have shown that the surface was far rougher than in 1890 
and 1897 but it was certainly much less irregular than in 1906, and it appeared probable 
that one could travel over the glacier surface with no great diflBiculty. 

The eastern margin of the Mala^ina was also noticeably healed, as compared with 
the 1906 condition, though still rough, broken and steep. The jagged marginal cliff 
had disappeared, though steep ice cliffs still appeared in places, and while much of the 

» Tarr, R. S., Frofessioiial Paper 64, U. S. Geol. Survey, 1909, pp. 87 and 94. 
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forest that grew in the ablation moraine had gone, much alder and cottonwood still 
remained. The destruction of neither the moraine nor the forest was complete, but the 
margin presented a far different appearance from that of 1905, Then the forest-bearing 
portion of the glacier margin was a moderately sloping emban^ent covered with forest 
verdure; in 1909 there were wooded patches interspersed with areas of barren moraine, 
and even with ice cliffs visible from a distance. In view of the rapidity with which the 
moraine was being removed from the ice in 1906 and the forest being destroyed, the 
fact that no more destruction had been accomplished' makes it difficult to believe that 
the period of advance and brea^ge lasted even into the summer of 1907. With cessa- 
tion of motion, ablation in the low marginal areas would quickly bring about a sufficient 
degree of soil stability for vegetation already growing to maintain itself with little further 
destruction by undermining. However, that ablation was still proceeding rapidly 
in those parts of the glacier not protected by a deep ablation moraine was indicated by 
the volume of the Kwik River, which appeared to be even larger in 1909 than in 1906. 
That such a speedy ending of the 1905-6 advance, and the consequent rapid healing 
of the broken surface by ablation was not peculiar to the Marvine lobe of the Malaspina 
Glacier is made clear in later pages where other advancing glaciers are considered. 

BLayden Giaciee^ 

This glacier has already been mentioned as one of the tributaries of the Malaspina Gla- 
cier, though contributing little ice to it. Heading on the western slopes of Mount 
Cook the Hayden Glacier flows as a broad, moderately-sloping vaUey glacier (PL XHT, 
B), with a width of 3 or 4 miles, and, on emergence from its mountain valley, expands 
to almost double that width, coalescing with the Marvine lobe of the Malaspina. 
A moderate recession would disconnect it from the Malaspina, giving it independent 
existence, such as Atrevida and Lucia Glaciers, once tributary to the Malaspina, now 
have. It is somewhat crevassed in places, and below the snow line, just west of Floral 
Pass, is bordered by lateral moraines, while on the expanded portion, outside the moim- 
tain, are several medial moraiaes and morainic swirls of interesting pattern. The 
amount of moraine on the surface increases toward the Marvine lobe, giving rise to 
many morainic ridges; but nowhere except along the margins is there a continuous 
cover of ablation moraine. 

This glacier was partly crossed by the junior author in 1905 and observed and photo- 
graphed from the western slopes of Floral Hills; and it was crossed and recrossed several 
times, and along several routes by the senior author in 1906. Travel across its surface 
in any direction was not difficult and it was evident that there had been no noteworthy 
change in condition since Russell crossed it in 1890, We did not get as far west as the 
Hayden Glacier in 1909 for the broken Luda Glacier stood in the way, but we saw por- 
tions of its surface with field glasses in 1909 and 1910 and were convinced that it had 
not undergone any noteworthy change in the interval between 1906 and 1910. This 
negative result is interesting in view of the fact that Marvine Glacier, the next large glacier 
toward the northwest, and Lucia and Atrevida Glaciers, its large neighbors toward the 
southeast, have both felt the impulse of the earthquake advance. One may anticipate 
that its turn will soon come. 

1 For a fuUer description, see Tarr, R. S., Profesmonal Paper 64, U. S. GeoL Surv^, 1909, pp. 81-88. 
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LUCIA AND ATREVIDA GLACIERS 


Lucia Glacibb 

Oeneral Description, Lucia Glacier, which is between fifteen and twenty miles long 
and about two miles wide, is a valley glacier expanding in a piedmont bulb outside the 
mountain front, and in its lower portion covered with a broad waste of ablation moraine. 
Its sources are unknown, but in the main, if not entirely, are on the slopes of Mount Cook. 
That there is no large tributary heading farther back in the St. Elias Range is indicated 
by the morainic dfibris, which includes none of the crystalline rock of which these more 
remote mountains are composed. While the exact sources are unknown, it is certain 
that the glacier receives many tributaries, and some good-sized ones from both sides are 
visible from the lower portion of the glacier. 

Opposite Floral Pass, where the Lucia Glacier is enclosed on both sides by mountain 
valley walls, the width of the glacier is 2 or 3 miles, but it expands beyond this point 
because the valley becomes wider and further down because the vaUey waU on the east- 
ern side terminates. The width of the expanded piedmont bulb is 4 or 5 miles at the 
broadest part, the glacier being prevented from further expansion by the presence of 
the Floral Hills on the west and by the competing piedmont bulb of Atrevida Glacier 
on the east. The outer portion of the Lucia extends southward to the Kwik valley, 
forming one waU of that valley, while the Malaspina border, a mile or two away, forms 
the opposite wall. The Lucia and Atrevida piedmont bulbs coalesce and form a small 
piedmont glacier, similar to the great Malaspina, but supplied with ice from only two 
tributaries (Map 2, in pocket). 

Basis for Study. This glacier, as well as the Atrevida, was crossed by Professor Rus- 
sell and named by him in 1890.^ He first used this name, however, for Seward Glacier.* 

It was next visited by the Geological Survey expedition of 1905, during which its lower 
portion was examined from a neighboring mountain and was crossed by the junior author 
and studied late in August. In the Geological Survey expedition of 1906 access to the 
glacier from the east was cut off by the advance and breaking of the Atrevida Glacier, 
but it was reached and crossed from the west by the senior author.* The National 
Geographic Society’s e 3 q)edition of 1909 traveled to the eastern margin of the Lucia 
Glacier, but further exploration was checked by the advance of the glacier. We were, 
however, able to examine it from Ampitheatre Knob and from an elevation on Terrace 
Point, just above its eastern margin, from which we could see all parts of the glacier 
except the upper portion fax back in the mountains. The description of the 1909 

1 Nat. Geog. Mag., Yol. ni, 1801, pp. 92* 105-108. 

* Twelfth Ann. Kept., U. S. Geol. Survey* 1891, p. 60. 

s For a description of this glacier in 1905 and 1900, from which portions of the following description are bIh 
atracted, see Tarr, R. S., The Yakutat Bay Region* Alaska, Professional Paper 64, U. S. Geol. Survey, 1906, 
pp. 75-^. 
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condition is based upon these observations. The glacier was seen only from the east 

side of Yakutat Bay in 1910. , t. hi -i, j 

Description by Russell. Lucia Glacier was inactive m 1890, for Russell described 

it during the first part of July, 1890, as “covered from side with angular masses of sand- 
stone and shale . . . while further up the valley the d6bris on the surface of the ice 

disappeared, and all above was a winter landscape. The brown desolate debris fields 
extended far southward, and covered the expanded ice foot in wliich the 
glacier terminates. Most curious of aU was the fact that the moraines on the lower 
border of the glacier were concealed from view by a dense covering of vegetation, and 
in places were covered with forests of spruce trees.” He also described the nunatak 
on the west side of the glacier and the outwash plain at its base. 

Caniinued Inactivity in 1905 and 1906. Lucia Glacier seems not to have changed 
significantly between 1890 and 1905; and between 1905 and 1906, there was no noteble 
difference, except a possible increase in crevassing up the valley to which reference will be 
made later. In 1905 it was impossible to clearly detect the boundary between Lucia 
and Atrevida ice tongues, the two lobes of this piedmont glacier; though for a part of 
the distance a line of alder growth, forming an oasis in a broad waste of ablation moraine, 
mnrkerl the site of the interlobate area of greatest stagnation. Above this the two 
glaciers were separated by the gravels of Terrace Point, and near the outer border of 
the piedmont gineipr a stream emerged and formed a valley, apparently in line with 
the boxmdary between the two lobes; but for some distance above this valley the two 
lobes so coalesced that the boundary between them was indistinguishable. In 1906, 
however, the advance and crevassing of Atrevida Glacier, which pushed westward into 
the still stagnant Lucia lobe and destroyed the interlobate strip of alder, brought out 
sharply the area occupied by each lobe (Pis. XXVI and XXVII). The Atrevida lobe 
was everywhere broken, with clear ice showing along the boundary between the two 
lobes, while the Lucia was unchanged — a broad, undulating waste of ablation moraine 
which, from a distance, bore little resemblance to a glacier. 

One of the most interesting features of the Lucia Glacier was its ablation moraine; 
it seemed stagnant near its terminus and wasting in its valley and was the best illus- 
tration of this type in the Yakutat Bay region. For over 7 miles, from its terminus 
to a point well up the mountain valley, the glacier surface was obscured by ablation 
TOrtminp (PI. XVn, A), and throughout fully nine-tenths of the area no ice could be 
swn from a The ablation moraine extended well up the valley portion of 

the glacier, to a point at least a mile above Floral Pass, becoming rapidly thinner, with 
more ice showing up the valley, and finally giving place to bands of medial and lateral 
TnArm'nft. Opposite and below Terrace Point the moraine increased in proportion and 
ice appeared only in small bands, or in depressions holding lakelets, at least a score 
of which dotted the moraine-covered portion of the glacier. The surface of this desert 
waste of ablation moraine was nowhere notably crevassed, and travel over the surface 
was possible in all directions, the only diflSculty being the extreme irregularity of the 
surface due to differential melting, and the occasional slippery slopes where the moraine 
veneer was tliin There were numerous moulins of large size, and morainic d4bris was- 
being carried into these by the drainage. This was the only escape for the concentrated 
TnnraiTiiA d6bris, for there were no crevasses of any considerable depth in this slowly 
moving glacier. 
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For two miles or more the outer margin of the Lucia lobe was clothed with vegetation. 
On the inner side of this forest-covered part of the ablation moraine scattered individuals 
and clusters of alder were growing in the more stable portions of the moraine, but the 
amount of vegetation rapidly increased toward the outer margin of the glacier, and in a 
short distance the entire surface was covered and hidden by eilder thickets. Farther out 
individual cottonwoods rose above the alder, and at the extreme margin a forest of 
cottonwood and spruce occupied the ablation moraine. The forest covered more than a 
mile of the outer glacier margin and in it no ice was visible from a distance. The extreme 
outer margin consisted of a low, wooded, gently-sloping embankment which rose above 
the gravels of the Kwik valley, and it was exceedingly difficult in places to tell where 
the glacier ended. Without examining it carefully, one unfamiliar with the phenomenon 
of forest-covered glaciers would not suspect that this wooded slope was a glacier end. 
One noticeable feature, however, was the large number of small, trickling streams of 
clear, cold water that emerged from the embankment, and at one or two points larger 
streams, bearing sediment. 

In the ablation moraine were many interesting details, most of which have no direct 
bearing on the glacier as a whole but are phenomena of melting. There were, however, 
several noteworthy features. The most prominent of these was the extreme irregularity 
of the surface due to difierential melting. In crossing the ice surface one was constantly 
cUmbing over knoUs and ridges and descending into valleys, some roughly circular, others 
linear or crescentic, and the difference in elevation from vaUey bottom to ridge crest 
was often fully 100 feet. The elevations occurred where the drift was thick, the depres- 
sions where it was thin, and it was evident that the relative positions of these higher 
and lower portions of the moraine surface were constantly changing as the thickness 
of the drift cover changed through downsliding. During the ablation of the under ice, 
steep slopes are developed down which the debris slides to the depressions, leaving nearly 
or quite bare ice slopes, while the d6bris accumulates in the depressions and in time doubt- 
less accumulates to sufficient depth to retard their further reduction. Then the depres- 
sions are gradually transformed to elevations, and the former elevations, denuded of their 
drift cover, are lowered to valleys. Where the drainage escapes into moulins there are 
conditions favoring more permanent valleys. It is this constant shifting of d6bris that 
prevents the growth of vegetation on these thinner portions of the ablation moraine, 
and the struggle that plants are making to find a foothold here is often illustrated near 
the margiu of the plant-covered portion of the ablation moraine, where annual plants 
and one or two year old alder and willow bushes are found overturned, or dying where 
they stand by the removal of the soil from around their roots. 

A second noteworthy feature of the ablation moraine was the fact that the rock frag- 
ments were all angular, so far as we were able to observe. They were frost-riven frag- 
ments and avalanche falls derived from the steepened upper valley walls and in part, 
doubtless, supplied with the snow itself as it slid down into the reservoirs. In the outer 
part of the piedmont bulb the ablation moraine consisted of a confused maze of hillocks 
and depressions, with no definite system, and with a topography reminding one of some 
areas of sand dunes where ridges are absent; but farther up the glacier, where the moraine 
was thinner, the ablation moraine presented a series of crescentic ridges, where longitu- 
dinal ridges, perhaps medial moraines, swnng across the glacier instead of down it. The 
cause for this peculiar arrangement of the morainic ridges is not clear, but is evidently 
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in some way connected with the flowage of ice under the conditions of expansion into a 
piedmont bulb of semi-stagnant or stagnant condition. 

A finnl feature of note was a narrow depression between morainic ridges which in 
1905 and 1906 ran eastward from the base of Lucia Nunatak, for about a hcdf mile. 
It was much smaller than similar ice-flats seen on Variegated Glacier in 1905 and on 
Atrevida Glacier in 1909. The development of crescentic ridges and interior flats seems 
to be a phenomenon common to piedmont ice bulbs, and other instances will be pointed 
out in the descriptions of other glaciers. Their significance will be discussed in a later 
chapter after the various instances have been described. 

On the western side of Lucia Glacier, almost at the mouth of Floral Pass, a low hill 
rises between 700 and 750 feet (PI. XVI, B). EusseU described it in 1890 ^ as “a huge 
rounded dome of sandstone rising boldly out of the ice. This is similar to the ^nunataks’ 
of the Greenland ice fields, and was covered by ice when the glaciation was more intense 
than at present. On the northern side of the island the ice is forced high up on its flanks 
and is deeply covered with moraines; but on the southwestern side its base is low and 
skirted by a sandplain deposited in a valley formerly occupied by a lake. The melting 
of the glacier has in fact progressed so far tihat the dome of rock is free from ice on its 
southern side, and is connected with the border of the valley toward the west by the 
sandplain. This plain is composed of gravel and sand deposited by streams which at 
times became dammed lower down and expanded into a lake. Sunken areas and holes 
over parts of the lake bottom show that it rests, in part at least, upon a bed of ice.’* 
From its position this hiU is useful as a register of changes in the glacier, and for that 
reason calls for detailed description. In 1905 and 1906 the eastern face of the nunattak 
was a steep cliff at whose base the glacier flowed in contact with the rock. The northern 
side, less steeply sloping, was also in contact with the ice, but the southern, or lee slope 
was free from ice, although the glacier spread westward just below it. On the western 
side a small ice tongue, or distributary of Lucia Glacier protruded part way down to 
Floral Pass with a slope of 12®, ending in a low, moraine-covered terminus. Thus the 
hill, which is about J of a nodle long and almost half as wide, had ice contact for about 
halt its periphery, while ice was present at a short distance both to the west and south, 
being absent from less than a quarter of the periphery, toward the southwest. The ice 
on the northern slope rose more than two-thirds of the way to the top of the nunatak. 

Fortunately the junior author made a carefxd section of the north side of Lucia nimatak 
in August, 1905. The ice rode up on this stoss side, at an angle of about 82°, to a height 
of 550 feet above the base where there was a rude moraine terrace, 100 yards or so in 
width, with an ice foundation still present (Fig 4). Above this were two earlier 
moraines 155 and 50 feet respectively below the top of the nunatak. The lower 
moraine was about 75 feet wide and the upper contained small lakelets. These 1905 
relationships are shown in Pis. XVI, B and XVIII where the 1905 profile is contrasted 
' with that of 1909. 

The height to which the ice on the north side of the nunatak rose above the level of 
the main glacier, in 1905-6, made it seem unlikely that it could have been crowded up 
to that level by the then-existing thrust of the glacier. The natural inference from this 
condition is that some recent thrust had pushed the ice up here, and this inference is 
supported by the fact that for fully 100 feet above the ice the hill slope was barren of 

i^Nat. Geog. Mag., Vol. m, 1891, p. 106. 
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vegetation, although there was abundant plant growth above this zone. That part 
of the glacier which rose above the glacier level on the northern slope of the nunatak was 
completely covered with a thick coat of moraine by which ablation must necessarily be 
greatly retarded, so that the thrust which pushed the glacier up may well have occurred 
years ago, probably long before Russell’s visit in 1890. By the advance of 1909 the ice 
condition around Lucia Nunatak has been greatly changed, as is stated below. 

The western margin of the glacier, below Lucia Nunatak, was bordered by a large 
marginal stream which emerged from an ice tunnel at the southeastern corner of the 
nunatak and joined the Kwik River, receiving on the way, first a small tributary from 
the ice tongue west of the nunatak, then land streams from Floral Pass and other valleys 
in the Floral Hills, and small streams from the glacier. Lucia Stream was an impassar 
ble glacial torrent where it emerged from the ice tunnel, but it was swollen to nearly 
twice that size before it imited with the Kwik. Although this stream flowed along the 
western margin of the glacier it was not everywhere in contact with it, for Lucia Glacier 
crowds against projecting spurs of the Floral Hills and the stream was at such places 
forced into rock-waUed gorges cut across these spurs. Thus the marginal stream valley 
consists of stretches where the mountain forms one wall and the glacier the other, alter- 
nating with short sections enclosed on both sides by steeply-rising rock walls, against 
whose base the river in places flowed, forcing us, in our attempt to pass up the valley, out 
of the gorge upon the higher wooded slopes of the projecting spurs. 

Conations on the eastern margin of Lucia Glacier were quite different. Above Ter- 
race Point the snow line was soon reached and the glacier was then in contact with the 
mountain, but at Terrace Point a broad valley existed, with the moraine-covered ice 
for one waU and the gravels of Terrace Point for the other wall. In this valley was a 
small stream, supplied by drainage from the land and from the ice, which disappeared 
beneath the ice, but which had earlier in the season been dammed to form a lake. Lacus- 
trine deposits and stream gravels had accumulated here, and the process of formation 
of the gravels of Terrace Point was here being duplicated and illustrated in miniature. 
One or two small lakes existed farther down in this marginal valley in the depression 
between Atrevida and Lucia Glaciers, and below that came the area of coalescence be- 
tween the crevassed Atrevida and the stagnant Lucia Glacier. Beyond this junction 
the two lobes flared apart and there was a valley, broadening rapidly westward to a 
V-shape, in which a small stream flowed over an alluvial fan, bordered on the west side 
by the low, wooded embankment of Lucia Glacier and on the east aide by the similar 
slope of Atrevida Glacier. This stream evidently carried the drainage from the Terrace 
Point region plus such water as escaped from the eastern margin of the moraine-covered 
Lucia and the western margin of Atrevida Glacier. A large part of this water had 
passed beneath the stagnant interlobate area between this two glaciers. Evidently, 
therefore, the main drainage of Lucia Glacier was on the west and of the Atrevida on the 
east side, and the interlobe drainage was moderate in amount. This condition was 
greatly changed in 1909. 

Lucia Glacier has at some former time been far more extensive than now. This is 
proved by the morainic deposits that cover Terrace Point, and by the moraine terraces 
that lie high up in Floral Pass and in other valleys in the eastern slopes of the Floral 
Hills. It has at some period been tributary to the Malaspina, and, while there is no 
proof of it, it is entirely possible that ice may even at present lie beneath the gravels of 
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the Kwik valley that now separate it from the Malaspina. These deposits are so thick 
that they would suffice to almost prevent further melting. 

Advance of Lucia Glacier in 1909, So far as we know, Lucia Glacier was receding 
continuously between 1890 and 1909. In 1906 there was some evidence, though not 
very conclusive, of a coming change, and an advance was predicted on the basis of an 
apparent increase in crevassing up the valley and on the assumption that a longer glacier, 
like the Lucia, might reasonably be expected to advance later than the shorter ice tongues, 
like the adjacent Atrevida.^ 

When we saw Lucia Glacier in July 1909 it was advancing as the Marvine and others 
were doing in 1906, but i^ad reached a less complete stage of advance than any of the 1906 
glaciers. In view of the rapidity with which the advance passed down the glaciers, once 
it had started, as observed in 1906, it seems doubtful whether the crevassing observed in 
the upper Lucia Glacier in 1906 was in reality the forerunner of the 1909 advance. Had 
it been an indication of coming change one would expect that its effects would have been 
felt in the lower glacier by 1907. Still, our knowledge of the behavior of glaciers advanc- 
ing under the impulse of snow supplied by earthquake shaking is too slight and too 
fragmentary to warrant definite exclusion of this suggestion of coming change. It may 
be true, for example, that only one or two of the tributaries had communicated the 
impulse of advance to the main glacier and that sufficient force had not yet been supplied 
to extend the crevassing farther down, while a year or two later the impulse from other 
branches, dther more numerous or larger, gave sufficient impetus for a continuation 
of the thrust and for the extension of its effects down the glacier. This is an hypothesis 
at least worth retaining until the behavior of such advancing glaciers is better understood. 

Be this as it may, Lucia Glacier, when seen in July, 1909, almost exactly three years 
after our last observation of it in 1906, was utterly transformed, and was rapidly changmg 
under our very eyes. Between Terrace Point and Lucia Nunatak, where we had so easily 
crossed in 1905 and 1906, the undulating moraine-covered surface was rent by a series 
of gashes (PL XVTII) which rendered the glacier impassable. These gashes were pro- 
found, flaring crevasses of great length, spaced a few yards apart, nearly parallel, and 
extending ia the direction of flow of the glacier. The glacier had the appearance of 
being newly-crevassed by differential strain due to motion down the valley and toward 
the center of the glacier there was some indication of faulting, with the uplift on one side 
of the crevasses. The direction of the crevasses varied both below and above Terrace 
Point, but in each case changes in direction seemed attributable to change m direction 
of flow of the glacier. For example, near Lucia Nunatak the crevasses pointed toward 
the valley center, as if the ice flow here were deflected by the nunatak; and in the 
piedmont bulb portion the crevasses fanned out as the ice itself does to form the piedmont 
expansion. Between these parallel linear gashes there were very few, in fact scarcely 
any cross breaks, but there were long, undulating strips of serac, still covered with 
ablation moraine, over which travel would be easy; and it seerned probable that once 
one reached this gashed area it would be a matter of no great difficulty to cross the 
central part of the glacier by a zigzag course, threading one’s way around the ends of 
crevasses. 

Along the margin, on both the east and west sides of the glacier, the condition of cre- 
vassing was widely diff^ent from that of the center. Here the ice was confusedly broken, 

> Tarr, R. S., Profeodonal Paper 64, U. S. Geol. Survey, 1000, p. 80, 



Plate I 



B. Terminub op Yakutat Glacier, 1906 
Photograph by Fremont Morse, Canadian Boundary Survey. 



Plate III 



View Loosing Last ttp the Two Bhanches of Nonatae Giacier from Crest op the Nunatak 
Photograph, July 5, X906; it was possible to travel to the Alsek River valley across the broad ice divide. (Prom U. S. Geological Survey, Professional Paper 64.) 






View LooEma East theotjqh Htjbsell and Ndnaeak Eiobds, with Nunatak Glacieb in the Distance 
The smoothed glaciated slate coast of the north side of the northwest arm of Rufflell Kord on the left. Photograph (1896) by A, J, Bmbazon, Canadian 

Bonndaiy Commission. 


Plate VI 



A. Dissected, Ice-Sculptured Gravel Benches on North Side of Nunatak Fiord 
Shows also gullied higher-level gravels on. steeper mountain slope. Note absence of vegeta- 
tion. Photograph taken July 8, 1906. 



B. Moraiotc Sdmacb Veneemno Overbidden Gbavem. West Side of EussBii Fiord 
Vegetation just advancing over the surface from which the Nnnatak-ffidden Glacier has 

recently receded, 1906. 
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ModeIi op the M at.abp tva GiiA-CEER and Yaktjtat Bay 
Copyright, 1909, by the University of Wisconsin, 




A. Yahtsb Biyhb from above Ice Tunnel 

Photograph, 1891, by I. C. Russell. 



B* Yahtsb River Issuino from a Tunnel in the Malabpina Glacier 
- Photograph. 1891. by 1. C. Russell. 


Plate IX 



A. SiTKAGI BlOTJIS, on THE SoUTH MaKOIN OF MaLABPINA GlACIER 
Photograph, 1891, by I. C. Ruasell. 



B. Central Portion op Malaspina Glacier 

- Photograph, 1890, by I. C. Russell. 



Plate X 



A. Moratne-Covered Surface of Malaspina Gi^cier 
Photograph, 1891, by I. C. Russell. 



B. Forest Covbrinq op Malaspina Glacier 

Photograph, 1891, by I. C. Russell. 






Plate XII 



B. Libbey and Agassiz Glaciehs Joining”thb Malaspina Glacier 

From Chaix Hills. Photograph by H. G. Biyant. 




PLA.TE XTTT 



B. Upper Hatdbn' Giageer 

Prom elevation of 1585 feet on western side of Floral Hills. Looking up the glacier. Mount Cook on right Large dark patch is the debris of 
recent (1899?) avalanche. Photograph, August 22^ 1905. The two pictures make a continuous panorama. 





Plate XV 




A. Broken Eastern Margin of the Marvine Lode of Mai^bpina Glacier 
From alluvial fan of Kwik River. The broken ice cliff has protruded through the morainic 
soil and the forest. Blocks of ice fell from this cliff as the survey party passed, ti*ees crashed 
down, and the morainic soil was constantly sliding down. Photogniph taken August 11, 1900. 



B. Blocks of Ice Protruding through Morainic Soil and Forest Cover 
Eastern margin of Malaspina Glacier. Cottonwood trees, in full leaf, overthrown by the recent thi-uat 
that broke the glacier margin. Photograph taken August 11, 1906. 





Plate X\T 



A. Moraine- C ovEHBD Porebtbd Eastern Margin op the Marvinii Lobe op Malas- 

piNA Glaciee 

Tlie ice, recently thrust forward, has protruded throu^ the soil; .the trees are tilted at 
various angles and overturned; and the underlying ice, exposed to air and rain, is rapidly 
mdting. Streams of water and of liquid mud descend the slope. In early July the foreground 
was occupied by a lake upon which the alluvial fan had encroached, the stream, in the mean- 
time, being greatly increased in size. Photograph taken August 9, 1908, 



B. Lttcia Nunatak 

With stagnant, moraine-covered ice riding up on its northern slope. Photograph, August 22, 
1905, from Photo Station E (Map 2), at eastern end of Floral Pass. 
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the crevasses being short and extending in various directions, giving the glacier the ap- 
pearance characteristic of an ice fall. Its pinnacled condition was only in small part 
due to greater ablation^ for even here a large part of the surface was still protected by 
morame. The glacier surface had the appearance of having been broken by dragging 
and shoving as the strain of the glacier flood swept down the deeper central portion and 
caused a swelling of the ice against the valley margins, the thinner marginal portion having 
too great rigidity to accommodate itself to the strains thus induced. One was reminded 
somewhat of the broken blocks of ice that are piled up along the margin of a frozen river 
that rises in flood. This condition extended all along the visible margin and was strikingly 
developed both on the stoss slope of the nunatak and around its eastern base. 



Fig. 4. LoNOiruDiNiji Sections op Lucia Glaoibb and Nunatak. 


Above Terrace Point the glacier was also badly crevassed. Those tributaries that enter 
from the west were not notably broken, but two that enter from the east, just above 
Terrace Point, were impassably crevassed where they emerged from their valleys, and 
the crevassing of these extended for only a half mile into the main glacier. It seems 
certain that some of the impulse of the advance of Lucia Glacier was supplied by these 
tributaries, but the greater part was apparently supplied from the main glacier, which 
was badly crevassed above these two tributaries, and, in fact, as far into the mountains 
as we could see. A noteworthy feature of the glacier above Terrace Point was the pres- 
ence of a crescentic depression between the crevassed area of the two eastern tributaries 
and the crevassed main glacier. It is as if the glacier level were raised by the impulse 
from the main glacier, while the advance of the two tributaries had raised a crevassed 
6 
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piedmont bulb where they emerged from their valleys; but between the two was an area 
that was less raised and broken, being between two different cun;ents of recently accel- 
erated ice motion. 

Below Terrace Point the crevassing dimioished in amount and finally died out com- 
pletely before the alder-covered portion of the ablation moraine was reached. This 
outer portion, beyond the area of crevassing, was apparently in no notable respect differ- 
ent from its 1906 condition. Indeed three lakes showing in the forest in the 1906 photo- 
graphs were still present on the glacier. There was no crescentic crevassing, such as 
was so prominently developed in Atrevida Glacier during its advance, and no noticeable 
thickening of the piedmont portion. This section was stiU a field of ablation moraine, 
with the outer fringe of forest and alder grading into a waste of barren, undulating, rocky 
moraine with no ice appearing when viewed from a distance. But in 1909 this desert of 
ablation moraine graded into an area of gashes in which ice was revealed in increasmg 
amounts up the glacier. 

While there was no noticeable thickening of the piedmont portion of the glacier, there 
was thickening along the margins at Terrace Point and Lucia Nunatak, and presumably 
also between these two points. The thickening and advance was best shown at Lucia 
Nunatak. Here the ice rode high up on the stoss or northern end. The undulating, 
moraine-covered stagnant ice that in 1906 rested high up on the northern slope of the 
nunatak was now replaced by an up-domed area of greatly crevassed ice which had 
overridden the barren area and advanced into the zone of vegetation that covers the 
nunatak top. At this point, therefore, the glacier was over 100 feet higher than in 1905 
and 1906. A peculiar dome of broken ice also rose against the middle of the eastern side 
of the nunatak, but the cause for this could not be determined at the distance from which 
we viewed it. The stagnant tongue of Lucia Glacier which formerly stretched down 
the valley between the nunatak and Floral Hills, and which in 1905 and 1906 was not 
visible from the crest of Amphitheatre Knob, had been pushed forward and broken into 
impassable condition so that it was now plainly visible from that viewpoint, and the ice 
tongue extended a quarter of a mile beyond the southern end of the nunatak. Its total 
advance is estimated to have been between half and three-fourths of a mile. Whether 
it united with the main glacier below the nunatak could not be determined, but if it did 
not actually unite it certainly almost did so, and the hiU was once more nearly if not 
quite a true nunatak. 

At Terrace Point the ice had been pushed up laterally and, as already stated, had been 
greatly broken. During the earlier visits, in 1905 and 1906, this margin was a moderately- 
sloping, moraine-covered embankment with almost no ice showing, and one could ascend 
the slope at any point. Now the broken ice was bordered by a jagged precipice from 
which both moraine and ice blocks were constantly falling. The marginal valley be- 
tween the glacier and Terrace Point had been greatly narrowed, the ice having pushed 
out laterally one or two hundred yards. At no point was the ice in contact with Terrace 
Point and a narrow marginal valley stiU existed. In the lower portion of this valley 
stood a narrow linear lake at least a half mile in length and two or three hundred yards 
wide, with the jagged ice precipice forming one margin and the southern end of Terrace 
Point the other. This lake was filled with icebergs, and as we looked down upon it we 
saw many fall into it. At the southern tip of Terrace Poiat in 1906 a small lake stood 
where the advancing Atrevida Glacier had pushed forward to dam the drainage from 
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the eastern margin of Terrace Point, forming a lake which did not exist in 1905. This 
lake still existed August 3, 1909, but south of it for over half a mile the moraine-covered 
depression between Lucia and Atrevida Glaciers was covered with icebergs. The 
expanded lake in which these icebergs floated was seen from the crest of Amphi- 
theatre Knob on July 21, 1909, but before August 3 was drained through a subglacial 
tunnel. 

Another notable change along the eastern margin of the Lucia Glacier was the de- 
velopment of a huge glacial stream in the depression between the outer portions of the 
Lucia and Atrevida lobes. In 1906 there was only a small stream here, but in 1909 one 
of the largest glacial streams of the region was flowing. This increase in volume was 
probably due in part to the recent breaking of the glacier, thus exposing the ice to more 
rapid melting; but this does not seem to be a sufficient cause for so great an increase. 
It is probable that a stiU more efficient cause is the interference with and destruction 
of the subglacial drainage which had developed during years of stagnation, and which 
in 1905 and 1906 found escape at the southern end of Lucia Nunatak on the opposite, 
or western, side of the glacier. The advance and breaking of the glacier, so notable 
near the nunatak, must have destroyed this system of subglacial drainage toward which 
most of the water from the glacier formerly flowed. Whether the new drainage all went 
to the east side, or whether a considerable portion still emerged on the western margin 
could not be determined; but that a large proportion escaped through the eeistem stream 
is certain. 

This remarkable change m condition of Lucia Glacier in the interval between August, 
1906, and August, 1909, had wholly altered the appearance of the glacier, and yet we con- 
clude that the thrust by which the change has been caused was either a weak one or else 
only just beginning to make its efforts felt, probably the latter. The reasons for this 
conclusion are several, all based upon the changes which a similar advance brought about 
m other glaciers. Compared with the Atrevida in 1906, for instance, the Lucia in 1909 
was far less broken, and the piedmont area was not noticeably thickened, as the Atrevida 
was. As yet there had been no development of great crescentic crevasses in the piedmont 
bulb as was the case in the Atrevida, and the crevassing did not reach out into the alder 
zone as it did in the Atrevida. In other words, the stage of breaking of Lucia Glacier 
was in 1909 far less advanced than that of Atrevida Glacier in 1906. It was far less 
broken than the Marvine, Haenke and Variegated Glaciers also. 

In view of the rapidity with which these waves of advance pass down a glacier, essen- 
tially the whole transformation in the case of those that advanced in 1906 having taken 
place within a period of nine or ten months, it is not improbable that the lesser develop- 
ment of the Lucia advance was not due to weakness of the thrust but to the fact that our 
observations were made too early and before the advance was finished. We can state 
with certainty that the entire breakage was recent, and mainly, if not entirely, in the 
season of 1909, and that it was still in progress in August. The proof of this is conclusive 
and of several kinds. Most noticeable of all is the condition of the crevasses and inter- 
crevasse or serac areas in the middle of the glacier. Although well below snow-line, and 
in a situation where ablation is rapid, the edges of the crevasses were sharp and angular 
as if freshly-broken, and the serac areas were stall so completely covered with ablation 
moraine except on the crevasse faces that little ice was seen in this entire area. Even 
near the glacier margin, where the ice was so broken and pinnacled, a large part of the 
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ice was still veneered with moraine, a condition which could not possibly have been 
the case had ablation been long active on this maze of jagged pinnacles. 

The marginal lakes, and the formation and drainage of one of them, point to the con- 
clusion that the advance was in progress; but more important than this is the fact that 
during our visit the ice along the glacier margin was being broken by the thrust. As 
we stood on Terrace Point for a few hours we heard ice falls every few minutes, and that 
this had been in progress for some time was proved by the presence of many white ice 
patches in the broken, d6bris-covered marginal area, caused by the recent fall of ice, 
and even more noticeably by the great numbers of icebergs floating in the marginal lake 
and stranded on the bottom of the abandoned lake. 

We believe that these facts demonstrate that the advance of Lucia Glacier began no 
earlier than the autumn of 1908 (and probably even more recently), and that it was in 
vigorous progress in August, 1909. We have no reason to doubt that in a few weeks a 
notable difference would have been observed in the appearance of Lucia Glacier. We 
looked forward with the utmost interest to re-examining this glacier in 1910, for it was 
to be expected that great changes would take place in the interval. If they had it would 
have given basis for a fuller statement of the nature of the changes in these advancing 
glaciers than is now possible. Hitherto the advance has been nearly or completely 
finished when observed, but in this case there is reason for thinking that the advance, 
as seen in 1909, had not reached the maximum. The ideal plan, had it been possible, 
would have been to stay ri^t at Lucia Glacier and record the daily changes throughout 
the fall and winter. 

Condition in 1910. When the junior author returned to Yakutat Bay in June, 1910, 
he regarded the observations of Lucia Glacier as the moat interesting and important 
which it was his privilege to undertake. On going up Yakutat Bay an enormous amount 
of floating ice was encountered and, as it was then apparently impossible to cross to the 
west side of Yakutat Bay, the investigation of the Hubbard, Nunatak and other glaciers 
was undertaken first, in the hope that the ice jam would thin suflSciently in the course 
of a week so that the west side of the bay and Lucia Glacier might then be reached. 

Upon the return to outer Yakutat Bay, however, the ice jam was imdiminished but 
three attempts were made to penetrate through the icebergs to the west side of the bay, 
each time without success. A camp was maintained on the east side of the bay and the 
ice was watched constantly for favorable conditions but each time we attempted crossing, 
the launch was turned back by the ice jam, after some arduous and dangerous experiences. 
Finally, the date of the northward-bound steamer approaching, it was necessary to 
choose between not seeing Lucia Glacier in 1910 or losing two weeks or a month of the 
season in Prince William Sound, where the author had been directed to spend most of the 
summer. With deepest disappointment the Lucia Glacier observations were then given 
up. 

Such observations as could be made with field glasses from high points on the east 
side of Yakutat Bay revealed, however, that Lucia Nunatak had not been completely 
overridden and that the stagnant morame-covered outer bulb of Lucia Glacier had not 
been broken up. The ice rode little, if any, higher up on the north side of the nunatak 
than in 1909. The crevassed glacier surface was still dark with large amounts of ablation 
moraiue upon the serac tables. The trees upon the visible outer part of the glacier bulb 
were undisturbed. The Kwik River and smaller streams north of it that receive dis- 
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charge from Lucia Glacier seemed not appreciably larger tihan in 1909, although as the 
observations were made fully two weeks earlier than the junior author had ever been 
in Yakutat Bay before, and as snow still lay on the ground at sea level, the latter point 
could not be stated with certainty. 

These scanty and tantalizing observations gave the impression that the advance of 
Lucia Glacier had not continued very long after our leaving the region ten months before 
or else that the rate of advance had slowed down so that changes were taking place very 
slowly indeed. 

Stagnation in 1911. By the summer of 1911 the advance of Lucia Glacier was all 
over, for it was easily crossed by a Boundary Survey party in that year. The return 
to stagnation after the advance of 1909 was evidently quite as rapid as in the other 
glaciers of Yakutat Bay which have had advances stimulated by earthquake avalanch- 
ing. It was partly covered by ablation moraine when seen by the junior author from 
the bay in 1913. 

Atkevida Glacier 

General Description . Atrevida Glacier, which is much shorter than the Lucia, is an 
ice tongue of similar characteristics. It expands much more in its lower course, however, 
being only about a half mile wide in its deep mountain valley but flaring out rapidly to 
a mile and three quarters at the point where it passes between Ai^phitheatre Knob on 
the east and Terrace Point on the west, and coalesces with Lucia Glacier. The whole 
glacier, piedmont bulb and all, is probably less than ten miles in length. Several streams 
flow from it (a) to Kwik River, (b) directly to Yakutat Bay, and, (c) by Esker Stream, 
from the eastern side at the base of Amphitheatre Knob (Map 9). 

Condition in 1890 and 1905. The glacier was named by Professor Russell in 1890,^ 
who described it in about the same terms as the Lucia, besides showing its condition by 
several pictures. The 1890 conditions seem almost exactly like those in August, 1905, 
when we obtained a bird’s eye view of it from the summit of Amphitheatre Elnob, 
which rises above its eastern margin, and later in August when one expedition was 
made in various directions over the ablation moraine near the east side and another, by 
the junior author, from the east side to Terrace Point and back by different routes. 

The exact length of the glacier is not known, but the valley portion is probably less 
than five nules, while the distance from Terrace Point to the terminus of the piedmont 
bulb is about five miles more. There are numerous tributaries, all small, so far as seen, 
and descending in steep courses as cascading glaciers. In the lower portion of the valley 
there are cascading glaciers which no longer unite with the main glacier. The valley 
walls, which attain elevations of 6000 to 6000 feet, are everywhere steep, showing clear 
evidence of profound valley deepening by glacial erosion, and between them lies the glacier 
with a widlh of two or three miles, broadeliing toward the valley mouth. So far as 
observed in 1906, with a single small exceptional area, Atrevida Glacier was in a semi- 
stagnant state in its vaUey portion and quite stagnant on its outer portion beyond the 
mountain front. It was possible to travel easily on any part of the glacier and we walked 
freely over its surface. For a mile or a mile and a half within its mountain valley the 
glacier was covered with an almost continuous sheet of ablation moraine and the surface 
was an undulating waste of rock fragments of all sizes, from huge angular bowlders to 

> Nat. Geog. Mag., Vol. lU, 1891, pp. 92-5, and Plates 10 and 11. 



70 


ALASKAN GLACIER STUDIES 


clay. Tlie only difficulty in travelling and packing camp outfit over this surface was 
the unstable position of the rock fragments resting on the glacier, and the necessity of 
constantly climbing ridges and knobs and descending into pits and valleys, in whatever 
direction one travesUed. There seemed to be no system to the hillocks and depressions, 
their origin being evidently differential ablation of the under ice which the moraine pro- 
tected in varying degrees according to the local thickness of the moraine cover. 

In the upper portion of thia morainic desert the amount of visible ice increased, the 
moraine cover became notably thinneri and the surface was less irregular. Some cre- 
vassing also appeared, but nowhere in sufficient amount to prevent travelling over the 
glacier except in one small section where a dome of crevassed ice appeared in the midst 
of the moraine desert. It was so abnormal a feature that we photographed it, thinking 
that it represented the updoming of ice in passing over some elevation in the valley bottonu 
We predicted the existence here of an unborn nunatak, but the crevassed dome is now 
interpreted as the first sign of the coming transformation of the glacier which was ob- 
served in full progress in 1906. Still farther up the glacier, clear ice predominated and 
finally the moraine entirely disappeared, but we did not visit this part of the glacier and, 
therefore, cannot describe it in detail. 

Nowhere in the upper part of the valley portion of Atrevida Glacier did vegetation 
grow in the ablation moraine, for it was shifting rapidly. But farther down, near the 
end of the valley portion, scattered alder bushes and clusters of alder grew, extending 
farther up the valley on the eastern margin than in the center, because the lateral moraine 
deposits were thicker and, therefore, under more stable conditions. Just outside the 
mountain valley portion of the glWer the ablation moraine was covered with alder, and 
farther out, with cottonwood and spruce. These bushes and trees were mature, indicat- 
ing a long condition of stagnation in this part of the glacier. The stagnant outer part 
of the Atrevida was a true piedmont bulb, extending four or five miles beyond the moun- 
tain front and expanding fan-shaped until it attamed a width of about twice that of the 
valley portion. On the western side it coalesced with Lucia Glacier. As already stated 
in the description of that glacier, the two glaciers were separated in the lower p6rtion 
by a V-shaped valley, then by an interlobate section on which a narrow strip of alder 
grew, and above this the two glaciers again separated a short distance below Terrace 
Point, which, with the mountain back of it form the dividing walls between the valley 
portions of the two glaciers. 

Both at Terrace Point and along the eastern side of ihe valley portion of Atrevida Glacier 
the margin had a thickly morainocovered, moderately-sloping embankment which we 
could ascend at any point. It formed one wall of a marginal valley, carrying some 
drainage. On the west side there was little drainage from either the Lucia or Atrevida, 
and only a small stream escaped in the V-shaped valley between the interlobate portion 
of the coalesced Lucia and Atrevida; and there were only small streams emerging from 
the outer portion of the piedmont bulb which rose above the Kwik valley. A small 
stream emerged from the forest-covered part of the piedmont bulb on the eastern side 
and flowed into Yakutat Bay, but it w^ easily forded. The main drainage of the glacier 
emerged from the east side at the base of Amphitheatre Knob. At the point of emer- 
gence of this stream, which Russell called Esker Stream, there was a low cave with vertical 
or overhanging walls above which the ice edge had a slope of about 35®, down which 
a few stones were sliding. The ice was nowhere heavily debris-laden, thou^ dirtiest 
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near the base. There were a few crevasses, dipping like joint planes at an angle of 6® 
or 10® from the horizontal and suggesting differential ice movement. At the top of the 
200 foot ice slope there was a dense alder thicket with bushes estimated to be fifteen or 
twenty years old. We are inclined to interpret the slight crevassing of the ice cliff as 
the beginning of the advance and profound breaking which were observed nine months 
later. 

Professor RusseU crossed Atrevida Glacier in 1890, starting at the point of emergence 
of Esker Stream, with his entire outfit. From his description we are led to infer that 
the Atrevida was in essentially the same condition in 1905 as in 1890. One of the 
photographs illustrating his report ^ shows the glacier surface covered with ablation 
moraine; another shows the ice cave from which Esker stream emerges and we could 
notice scarcely any difference in its form in August, 1905. Russell’s description of the 
conditions in 1890 was as follows® ‘‘The waters, brown and turbid with sediment, 
welled out of a cavern at the foot of an ice precipice 200 feet high, and formed a roaring 
stream too deep and too swift for fording. . , , The dark-colored ice, mixed with 

stones and dirt, might easily be mistaken for stratified rock, but the dirt discoloring the 
ice is almost entirely superficial. The crest of the cliff is formed of dfibris, and is the edge 
of the sheet of stones and dirt covering the general surface of the glacier. Owing to 
the constant melting, stones and boulders are continually loosened to rattle down the 
steep slope and plunge into the water beneath.” 

There is every reason to believe that the glacier had changed very little for many years 
before Russell’s visit. Its piedmont portion must have been in a stagnant state for at 
least a half century before 1905, otherwise the ablation moraine and its forest could not 
have developed. That it had not been notably more expanded for an even greater length 
of time was proved by the presence of a mature forest growing up to the very margin 
of the moraine-covered ice. No notable recent recession had taken place, for there was 
only a very narrow area along this margin in which the forest did not grow. From the 
evidence that we possess we feel warranted in inferring a long period of stagnation, with 
no notable advance or recession for several decades, and probably for more than half a 
century. Up to the autumn of 1905 the Atrevida was a fine example of a valley glmer 
with a piedmont terminus completely covered with ablation moraine and in the outer 
portion so stagnant that it bore a dense growth of vegetation. No one would have ex- 
pected that such a glacier would suddenly spring into activity, and such a thought never 
occurred to us even when, in June 1906, the senior author approached the Atrevida 
with the purpose of traversing a route westward to the Malaspina along the line followed 
by Russell in 1890 and by the junior author in August, 1905. 

The Advance of 1906. As the Geological Survey party approached the margin of 
Atrevida Glacier early in June, 1906, never dreaming of change, the first surprise came 
when at a distance of several miles a jagged ice cliff was seen where nine months earlier 
there was a low, moraine-covered ice margin, bearing forest; and later investigation 
showed that the entire glacier, with the exception of the outermost portion, was utterly 
transfonned and quite impassable. A bird’s-eye view of the entire glacier was obtained 
from the crest of Amphitheatre Elnob (Pis. XXVI, XXVII), which rises directly above 
the eastern miargin of the Atrevida, and early in August a visit was made, via Floral 

1 Busaell, I. G., An Expedition to Mount St Elias^ Alaska, Nat Geog. Mag., Vol. m, 1801, FI. X. 

I Nat. G^g. Mag., Yol. IH, 1891, pp. 94-5. ' 
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Pass, to the western margin at Terrace Point. Such a sudden and absolute change in a 
glacier in so short an interval of time had never before been observed and described, so 
far as we know. 

From side to side, and from as far up the mountain valley as we could see, down into 
the alder-covered portion of the piedn^ont bulb, was such a sea of crevasses (PL XX) that 
there was no direction in which it seemed possible to cross the glacier; and even to ascend 
to its surface proved to be a matter of great difficulty. Where formerly there was a waste 
of ablation moraine, with no ice appearing in a distant view, the glacier was so pro- 
foundly broken that clear ice appeared on every hand. Much of the ablation moraine 
had disappeared into the crevasses and during the summer still more was thus removed, 
so that the glacier surface was transformed not only by the development of innumerable 
crevasses but also by the loss of much of its morainic veneer. Moraine still clung to 
the tops of the broader serac ridges, but more than half the surface was clear ice; and 
instead of the undulating morainic surface there were ice splinters, pinnacles, aretes, 
and profound crevasses extending in all directions. 

In the valley portion of the glacier there was no appearance of system in the crevassing, 
but beyond the mountain front, where the glacier spreads out, the crevassing assumed a 
crescentic form. A series of concentric gashes, with radius increasing toward the outer 
portion of the crevassed area, showed their crescentic form very clearly where the pure 
ice was opened in the dark ablation moraine, and still more clearly in the dark-green 
alder zone. It was almost weird to see these ice-walled gashes rent in the soil in which 
dense thickets were growing, but it showed vividly on what an unstable foundation 
the vegetation was growing. Toward the outer margin of the broken area the crevasses 
gradually died out, the outermost ones being short, narrow rents. Ablation was proceed- 
ing with rapidity, the soil beneath the plants was sliding down the slopes and into the 
crevasses, and they were being undermined and overturned. It was evident that the 
alder thickets on that part of the glacier which was broken were doomed to destruction; 
but whether the ice would be still further broken here, or whether the area of crevassing 
would be extended farther into the forest-covered part of the glacier could not be foretold. 

Not less remarkable were the accompanying changes along the glacier margin, on both 
the east and the west sides. At Terrace Point, on the western side, the ice was crowding 
up on the land, overriding the gravels and pushing them up in low ridges. Below Ter- 
race Point the ice had pushed out some distance, in the low interlobate area between the 
Lucia and Atrevida Glaciers, overriding a camp site occupied in 1905, and forming a new 
lake by the extension of an ice dam across the marginal drainage of the two glaciers. 
The ice was also noticeably thickened; for in 1905 the Atrevida had about the same ele- 
vation as the Lucia where the two coalesced, the boundary between the two being marked 
^ by a strip of alder; but in 1906 this alder was destroyed by lateral thrust and the area 
of crevassed Atrevida ice was much hi^er than the ablation moraine of the adjoining 
stagnant Lucia. The thickening amounted to fully gOO feet near the boundary between 
the two glaciers. At the same time the crevassed Atrevida bulb extended across the 
interlobate section into the area of the Lucia, and, being both higher and much crevassed, 
it was then easy to trace the boundary between the two glaciers. 

A noteworthy feature of the glacier just below Terrace Point, and thence eastward 
three-quarters of the distance to Amphitheatre Knob, was a roughly-crescentic area of 
white ice bordered on both the up-*stream and down-stream sides and on both margins by 
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d4brisKiovered ice. The surface of the white area was crevaased as badly as that of 
the surrounding d6bris-covered glacier. The appearance of this area of white ice (pp. 
78-9) in the midst of moraine-covered ice, and where d6bris had previously covered the 
glacier, was a puzzling feature. The significance of this feature is discussed in another 
chapter (p. 187), after other similar areas have been described. 

The view of the broken glacier from Terrace Point (PI. XIX, A) showed clearly that in 
1906 Atrevida Glacier was impassable from as far up the mountain valley as we could 
see down to the outer border of the crevassed area in the alder zone. This view, over a 
month later than the one from Amphitheatre Eiiob, showed considerable change in detail 
through ablation, but otherwise no notable difference in condition. The western margin 
of the glacier near Terrace Point consisted of a high, crevassed, inaccessible ice precipice 
replacing the moderately-sloping, moraine-covered embankment, up and down which 
we easily traveled in 1905. By cutting ice steps all the way this margin could be 
ascended; but further progress was barred by a complex network of profound crevasses, 
with intervening ridges and pinnacles, that could not be crossed with a camping outfit. 
It was a wonderful contrast to the easily-traversed surface of 1890 and 1905. 

Along the eastern margin titanic changes, quite like those along the margin of the 
advancing Marvine Glacier were in progress before our very eyes. At Esker Stream the 
ice front had advanced an unknown amoimt, destroying the vegetation on the slopes of 
Amphitheatre Knob. The moderately sloping cliff of 1890 and 1905 was changed to a 
jagged precipice of broken ice blocks, down which d4bris was incessantly falling. The 
cave from which Esker Stream issued hod disappeared through ice faulting (PI. XXI, A), 
and the stream had increased in volume. The faulted, splintered ice cliff extended 
westward vrith overhanging cornices due to horizontal thrust faulting (PI. XVII, B). 
In the one place where the cliff could be ascended, further advance was halted by deep 
crevasses before the level of the glacier surface was reeiched. The morainic soil, with 
the bushes growing upon it had disappeared into crevasses or had slid down the front 
of the glacier. Moraine, ice, and wood were constantly sliding down from the glacier 
front, the avalanches sometimes including scorO of tons, and it was always dangerous 
to the observer. By this material the coniferous forest growing in front of Atrevida 
Glacier was being tilted, buried, and destroyed, including alders, tmderbrush, and trees 
over 60 years old (PI. XXII, B). The breaking also resulted in exposing to melting the 
buried ice that had long been protected by moraine and forest, so that augmented 
streams were rapidly cutting into the soil, gravels and rock. All this change had taken 
place between August 1905 and June 26, 1906. 

Condition in 1909. Knowing of no previous observations upon the behavior of glaciers 
undergoing abrupt change from long continued stagnation to great activity, and from 
unbroken surface to impassably crevassed condition, we could not, in 1906, predict with 
any certainty what was in store for the Atrevida Glacier. In view of the suddenness of 
the transformation, and the rapidity with which its full effects spread over the glacier,, 
we were prepared to believe that the cycle of activity would be a brief one it the cause 
of earthquake impulse were the correct explanation. We did not, however, suspect 
what the evidence of the 1909 observations clearly demonstrate, that the advance had 
passed its height and had almost ceased when the Atrevida Glacier was being studied 
in the su mm er of 1906. The probable future of Atrevida Glacier predicted in 1906 by 
the senior author was that the alder and forest growth within the crevassed area would 
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be destroyed, with, perhaps a larger area if the forward thrust reached further. It seemed 
probable that the latter would be the case, for the breaidng observed in 1906 suggested 
that the maximum had not been reached. As a matter of fact the Atrevida Glacier had 
practically ceased its forward motion in August, 1906, and the termination of its advance, 
and its retium to a condition of stagnation, have been almost as spectacular as was its 
transformation into a state of activity between August, 1905 and June, 1906. 

In 1909 we reoccupied the sites from which the observations and photographs of 1905 
and 1906 were made, and were, therefore, able to make exact comparisons of the con- 
dition in the several years (Pis, XX, and XXI, A). No new observations of Atrevida 
Glacier were made during the two weeks spent in Yakutat Bay in 1910. In 1909 it was 
clear that the glacier had advanced but little since last seen in August, 1906, that the 
wounds from the spasmodic advance had been to a great extent healed by ablation, that 
the glacier had again relapsed into a state of stagnation, and that it was now once more 
possible to travel over its surface. In 1909 the Atrevida Glacier was far more like what 
it was in 1905 than in 1906, but its surface was much rougher than in 1905. The greater 
part of the glacier was covered with a sheet of ablation moraine (PL XIX, B) and this 
extended much farther up the valley than it did in 1905. This is a remarkable fact, 
and no other explanation occurs to us than that the extension of moraine cover up the 
glacier valley is due to the downshaking of rock fragments from the steep valley walls 
during the 1899 earthquakes, thus furnishing an unusually great supply of d4bris that 
was above the snow line* in 1905 but had been brou^t down into the zone of ablation 
by the rapid advance of 1906. A few small areas of clear ice appeared in the waste of 
moraine that covered the glacier above Terrace Point, most of them in the middle of 
the Racier, where one would naturally expect less debris from avalanches. This upper 
glacier surface was viewed and photographed at the same site on Terrace Point, in both 
1906 and 1909 (PI. XIX) and the photographs show clearly a decided lowering of the ice 
surface in the interval of three years. It is impossible to state the exact amount, but 
it cannot be less than 50 feet and may be even more than 100 feet. This lowering of 
the ice may not all be the result of ablation, for there may have been a flattening through 
the forward creep of the lower ice of the glacier after the spasmodic advance ceased. 

Between Amphitheatre Ehob and Terrace Point, just where the valley glacier portion 
may be said to end, more detailed studies were made than elsewhere, because it was here 
that Russell crossed in 1890, and the junior author in 1905, while it was carefully exam- 
ined from both the east and west sides in 1906. There was, therefore, a better basis for 
comparative study here than elsewhere. In 1909, therefore, this portion was examined 
and photographed from Amphitheatre Knob and from Terrace Point, as in 1906, and it 
was crossed, as in 1905. With the exception of a narrow medial area, in which small 
patches of clear ice appeared, the entire surface was covered with a sheet of ablation 
moraine as it was in 1905; but the surface was much router than then, the morainic 
hillocks being higher and the intervening pits and valleys deeper. No sign of the 
crevassed dome observed in 1905 was visible in 1909. As compared with 1906 the 
surface was of course far smoother, and when viewed from either side no crevasses were 
visible, and, excepting in the area mentioned, almost no ice could be seen. This con- 
trasts strikingly with 1906 when the glacier was broken by a maze of crevasses, and more 
than half the surface was clear ice; and the contrast is brought out most strikuigly by 
the photographs taken from the same site on Terrace Point in the two years. In these 
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photographs, also, a distinct lowering of the ice surface is noticeable, in this case surely 
of more than 100 feet. 

It was found possible to walk freely over the ablation moraine though, owing to its 
greater roughness, with much more diflSiculty than in 1905. Alder was no longer grow- 
ing on this part of the glacier but there was a thick cover of ablation moraine, though 
with many bare, d6bris-stained slopes and others with only a thin veneer of moraine. 
Melting was in rapid progress and small streams were coursing down all the slopes, but 
there were no large moulins, for the ice drainage had evidently not yet progressed far 
enough to develop these as they were developed in 1905. Crevasses were seen in many 
places and care was necessary lest one should step into those hidden from view by the 
moraine. Several times such a crevasse was unexpectedly discovered when stepping on 
what seemed to be solid, moraine-covered ice. We soon learned that the ridges were the 
places to be avoided and that the depressions offered the safest routes, for few and 
only shallow crevasses were foimd in the valleys, while the ridge crests were almost 
uniformly the sites of crevasses. The explanation of this fact is not difficult. After 
the glamer was broken by the advance, the moraine slid into the newly-formed crevasses, 
and, when ablation proceeded to lower the glacier surface, these filled, or partially filled, 
crevasses, with their greater depth of moraine, were so protected that they were preserved 
and stood above the level of the inter-crevasse areas. Then the rock fragments on 
and in these elevated crevasse areas slid down into the valleys, and doubtless the 
next stage will be the rising of the filled valleys and the lowering of the emptied crevasse 
areas. 

In addition to the ridges due to crevasses the ablation moraine is diversified by bands 
and patches of rock predominantly of a single kind, such, for example, as black shale 
or conglomeratic rock, and in these areas are found unusual numbers of large angular 
blocks. They did not seem to be arranged in any order that could be correlated 
with flowage lines and may possibly be interpreted as rock falls and avalanches trans- 
ported down the valley and spread out irregularly by the movement of the ice and 
by distribution throu^ sliding, as ablation lowers the ice and undermines ridges and fills 
depressions. 

It would be interesting to know the rate at which ablation has been proceeding on this 
ice surface. That the rate must have been rapid is indicated by the evidence furnished 
by the Atrevida and other glaciers. This evidence is of several kinds. A comparison 
of photographs from the same point show a general lowering of the surface sufficient to 
be apparent in photographs. It is possible, as already stated, that some of this lower- 
ing may be due to flowage after the first vigorous advance, but much of it, is certainly due 
to ablation, for the old crevassing and the noticeable proportion of clear ice have both 
been in large part destroyed, and only ablation could account for this. Moreover, the 
transformation of crevasses to ridges 50 to 100 feet high con be explained only as a result 
of ablation. 

The only specific knowledge that we have regarding the rate of ablation in this climate 
are the measurements made on Hayden Glacier in 1906 when in a period of twelve days, 
in late July and early August, it was found that the surface of the glaxner was lowered 
at the rate of 4 inches a day. This, however, was on a smooth ice surface, and at a much 
greater elevation, where the temperature on clear days descended below freezing point 
even before the sun set. The surface of Childs Glacier was lowered 7 inches a day in 
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July, 1909. The surface of the Baird Glacier of southeastern Alaska was lowered an inch 
a day by ablation in 1893. Muir Glacier surface melted 2 inches a day in 1890 and 1892, 
On the broken Atrevida, much nearer the sea, and at a lower elevation, the rate of abla- 
tion must have been greater than that on the Hayden. But when the ice surface began 
again to be sheeted with moraine the rate of ablation must have notably decreased. With 
these variable factors, and the absence of exact measurements, we can do no more than 
make the general statement that ablation, at first rapid, then at a decreasing rate, had so- 
greatly lowered the surface of the Atrevida Glacier between August, 1906 and July, 1909^ 
as to partially heal the crevasses that resulted from the spasmodic advance of 1906 so- 
that it was possible to once more travel over its surface. 

Specific measurements of the thickening of Atrevida Glacier through the 1906 advance, 
and the subsequent thinning through ablation before 1909 are based upon a pair of cross- 



Feg. 5. Cboss-Sectionb of Atbbyida Glagibb. 


sections of Atrevida Glacier which the junior author mEwie, one in 1905 before the advance 
had commenced, the other in 1909. The 1905 and 1909 elevations are barometric. These 
are shown in the three profiles of Pig. 5. The slopes and elevations of the 1906 cross- 
section are hypothetical. Each cross-section is from Esker Stream at the base of Amphi- 
theatre Ejiob on the east side of Atrevida Glacier to Terrace Point on the west side. It 
will be seen that the 1909 cliff at Esker Stream is 125 feet higher than that of 1905. As- 
suming ablation here of 50 to 100 feet we should have had an ice cliff in 1906 of 400 to 450 
feet. The thickening would therefore be 175 to 225 feet at least. In the middle of the 
glacier the thickening, similarly computed, must have been at least 130 to 180 feet. 
These comparisons, though in part based upon rough estimates, clearly indicate great 
thickening, and may safely be considered minimum measurements, since the amount 
of ablation is unknown, our calculation being based upon average depth of crevasses, to 
or near the bottoms of which ablation has now reduced the glacier surface. 

The margin of Atrevida Glacier was examined both at and near Esker Stream and at 
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Terrace Point. In the latter place the glacier margin had lost its precipitous* broken 
ice cliflE which was replaced by a moderately-sloping embankment of moraine-covered 
ice, steeper than in 1905, but ascended easily at practically aU points. The margin 
stood almost exactly where it did in 1906 having melted back only a little, leaving a 
narrow marginal valley with no vegetation either in its bottom or for a short distance 
up the side of the terrace. 

Along the eastern margin, near Esker Stream, the jagged clifiE was also gone and one 
could again ascend the glacier (PI. XXIII,) but up a much steeper slope, with thinner 
moraine cover than in 1905. The broken ice cliff above Esker Stream (PL XXI, B) 
was healed and the stream once more emerged from a well-defined ice cave (PL XXII, A) 
though a much smaller one than that which existed previous to the advance. The 
stream volume was greater than in 1905 but less than in 1906, It was clear to us, 
though the evidence as to the exact amount is not conclusive, that this part of the gla- 
cier continued to advance for a short distance after it was last seen in 1906. This is 
supported by photographs in the two years showing the trees at the ice margin just 
west of the stream, where the ice had advanced many yards into the forest. 

Since the advance ceased there had been a slight recession, leaving a narrow barren 
zone like that at Terrace Point. At the base of Amphitheatre Knob there was a confused 
mass of broken and battered alder which was bombarded by falling bowlders and ice 
blocks during the advance; and in the d^biis that accumulated at the base of the ice cliff 
during this period, were incorporated the remnants of the alder thicket that grew on 
the glacier margin and in the marginal valley into which the ice cliff had been pushed. 
On the west side of Esker Stream, overturned and inclined spruce trees were seen in the 
morainic d6bris at the base of the glacier margin as they were in 1906; but instead of a 
jagged ice cliff rising above them (PL XXII, B), and constantly discharging bowlders, 
ice blocks, and torrents of muddy water and mud flows into the forest, there was a mo- 
raine-covered embankment down which small rock slides fell occasionally (PL XXIV, A) , 
The destruction of this forest, so actively in progress during the summer of 1906, had 
ceased; but the effect of the advance on the fringing forest and on the alder thicket grow- 
ing on the ice was strikingly apparent. There were hundreds of dead and dying spruce 
trees frinjging the ice and partly buried in the morainic debris, and there were thousands 
of dead alder bushes, often in windrows, on the ice surface. 

In the piedmont ice bulb that spreads out beyond the mountain base was seen evidence 
of the same changes as have already been described for other parts of the area. It is 
clearly evident that the advance had about ceased when observed in 1906 and that the 
outer border of the glacier was unaffected by the advance. It, therefore, still retained 
its forest of alder, cottonwood, spruce, and hemlock. In the broken area the crescentic 
rings of breakage were still plainly visible but ice no longer appeared in them and no 
crevasses were seen. Ablation had so healed the scars that, viewed from a distance, the 
entire surface was a waste of ablation moraine; but there was a system of concentric 
crescents of ridges and valleys developed by ablation in the formerly broken area. The 
extent to which ablation had proceeded here since 1906 was vividly brought out by the 
destruction of the alder thickets. In 1906 the alder still grew on the inter-crevasse areas, 
and the crevasses formed crescentic white gashes in a field of green. Now the alder 
was aU dead within the broken area and it lay in brown windrows piled up on the 
moraine-covered ice. 
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ThuSj proceeding down tie glacier surface, one sees, first, barren ablation moraine 
with no vegetation, then ablation moraine with crescentic ridges and valleys littered with 
dead alder, and finally ablation moraine covered with dense alder thickets undisturbed 
by the advance. No evidence as to the extent of lowering of this part of the glacier 
was seen, but the photographs show clearly that the western portion of the piedmont 
bulb, as observed from Terrace Point, had been greatly lowered, and that a series of 
crescentic ridges and valleys had developed in the moraine-covered outer portion. The 
amount of lowering here is comparable to that observed elsewhere. The crescentic 
breaking, and the ridges and valleys which have succeeded it, present the appearance 
of viscous flowage of an imderlying ice stream, carrying with it and breaking up a rigid 
upper crust of ice. ' 

One of the most notable features on the Atrevida Gl^er, as seen in 1909, was a large, 
roughly-crescentic area of clean white ice, with only a few short ridges of debris upon it, 
just outside the mountain front (PI. XXV, B). Upstream from it lies the valley portion 
of the glacier which is almost completely covered with d4bris; and downstream from it 
lies the area of crescentic crevassing of the piedmont bulb, already described. This 
clear ice area extended westward nearly to Terrace Point, broadening in that direction 
and occupying a part of the bulb which protrudes toward Lucia Glacier — the part of the 
Atrevida in which there was the greatest thickening and forward movement. In 1905 
the site of this area of clear ice was occupied by moraine-covered ice, but in 1906, 
(Pis. XXVI, XXVn) as already mentioned, it appeared in the broken glacier surface as 
on area of somewhat-domed, clear ice (PL XXV, A) surrounded by broken, partiaUy- 
d^bris-covered ice. On its inner, or up-stream, side the glacier siuface rose abruptly in 
1909, as a high wall covered with moraine, and above this the glacier was almost com- 
pletely covered with ablation moraine. The clear area was fully a mile and a half long 
(from east to west) and half or three quarters of a mile wide in the middle, which is the 
widest part, narrowing toward both the east and the west. It had spread somewhat in 
the interval between our photograph of 1906 and the period of observation in 1909. 
In 1909 moraine-covered ice rose above the clear area on the down-stream side and on 
both ends as well as on the up-stream side, but the change was less abrupt and pro- 
nounced in these directions than up-stream. The clear ice area formed a distinct de- 
pression in the glacier surface. Down-stream the clear ice area gradually died out, 
bands of d6bris appearing in it. The fact that this area was lower than the surrounding 
debris-covered ice is probably the result of more extensive ablation in the clear part of the 
glacier; and that there had been much ablation here is further proved by the fact that 
most of the crevassing, by which the area was severely broken in 1906, had disappeared. 
Many shallow crevasses, broadened by melting, still remained, but they were only the 
remnants of the former extensive gashes, — ^the crevasse bottoms. The surface was 
quite rough, but travel over it was not diflScult, only short detours being necessary 
to avoid the crevasses (PI. XXIV, B). Although not directly on the route it was 
chosen as the easiest path from Amphitheatre Knob to Terrace Point. 

In seeking the explanation for such a peculiar area, of clear white ice in the midst of a 
waste of ablation moraine we are aided by four noteworthy facts: (1) it has appeared as a 
result of the 1906 advance; (2) morainic debris that covered the ice on this site in 1905 
had disappeared, for practically none remained even in the crevasse bottoms; (3) the 
clear ice area was distinctly domed in 1906; (4) some, at least, of the layers of ice in the 
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white area are highly inclined and in some cases vertical. All these facts harmonize with 
the hypothesis that at this point there was an upwelling in the glacier, bringing clear ice 
to tihe surface and pushing aside the debris-covered ice that previously stood here. We 
arenot able to postulate any other hsTpothesis which will explain these notable facts. 
The process which we conceive is, first, thefairly-free flowage of the ice down the mountain 
valley. Bfeyond the mountains further flowage was resisted by the stagnant, expanded 
bulb, which, being thin, was too rigid to easily yield to the pressure upon it. It yielded 
somewhat, however, and a series of crescentic gashes were opened in the piedmont area, 
but the resistance was so great that relief for the pressure from above was found in three 
other ways: (1) by an advance westward toward the most open area, (2) by a pronounced 
thickening and doming of this part of the glacier, and (3) by the uprising of ice from below* 
The future of this area of clear ice seems to promise the development of an interior 
flat — a nearly moraine-free depression in the midst of ablation moraine such as is ob- 
served in the Variegated, Galiano, and other glaciers. The cause for these interior flats 
has hitherto been a mystery to us, but this hypothesis offers an explanation. Further 
consideration of this subject will be deferred to a later chapter after the characteristics of 
other, older, and better-developed interior flats have been studied. If this hypothesis 
is correct the phenomenon of interior flats must have an important bearing on the ques- 
tion of the mode of motion of glaciers. Many facts observed in this region of advancing 
glaciers point to viscous flowage as the mode of motion, but the discussion of this subject 
also will be deferred until other facts of observation have been stated. 
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CHAPTER V 

THE GALIANO AND BLACK GLACIERS 
Galiajto Glacier 

General Description. Although small, this is one of the most interesting glaciers of 
the Yakutat Bay region. It has been known since 1890 when Russell named and de- 
scribed it, and, although it has undergone some remarkable changes in the interval, its 
general features are now much as in 1890 (Map 2, in pocket). 

Like many other neighboring glaciers, the Galiano consists of two quite dififerent parts, 
a vaUey glacier portion and an expanded piedmont bulb beyond the mountain front; 
but to one unfamiliar with the phenomena of ablation moraines neither the bulb nor the 
valley portion looks like a glacier, for in all but a few places the ice is obscured from view 
by thick moraine, bearing alder on the outer portion. The valley which the Galiano 
Glacier occupies is broad, deep, and cirque-like with steeply-rising walls, and is enclosed 
in mountains which rise to elevations of 5000 to 6000 feet and bear a heavy cover of 
snow. Prom these snowfields several cascading glaciers descend (Pi. XXVIII), especially 
at the very head of the valley, supplying the ice for the glacier and a large part of the 
morainic d^biis which coats its surface; but some of this is also supplied by avalanches 
from the bare rock slopes which have been steepened by glacial erosion. The sound 
of falling stones is heard every few minutes when one is m this valley. 

The cascading tributaries are a nule to a mile and a half long. The valley portion 
of the glacier is about three miles and the piedmont bulb is three quarters of a mile long, 
and a mile wide. The breadth of the glacier at the entrance to the mountain valley 
is three quarters of a mile while in the mountain valley the width is only a little over a 
quarter mile. With the steeply-rising snow-capped sides and head and the broad lower 
part, one is greatly deceived in the length of the valley when seen from a distance. 
It does not appear to be more than a mile or two long. The glacier has a slope 
from the mouth of the valley to its head of between 10 and 15 degrees. At no time 
when observed has this glacier been much crevassed, though in 1905 crevassing was 
observed near the valley head; and where the tributaries entered there were also areas 
of decided crevassing. Below its crevassed uppermost portion the Galiano Glacier 
has the appearance of stagnation, an appearance which finds ready explanation in the 
small size of the contributing glaciers. Indeed, it seems quite remarkable that such a 
limited ice supply could maintain a glacier of such length and breadth with its lower 
end nearly at sea level; and it is very doubtful it they could do so were it not for the fact 
that the wasting of a large part of the glacier is greatly retarded by the moraine cover 
which it bears. 

Just within the mountain valley, bn either margin of the glacier, there is a marginal 
valley with moraine-covered ice for one wall and the mountain rock for the other. In 
each of these valleys is a marginal stream, that on the west side being much the larger 
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Plate XVII 



A. Looking up Lucia Glactbr prom CBBar of Lucia Nunatak 
Moraine-covered ice in foreground. Mount Cook in background. Pbotograpli from Station D 

(Map 2), August 22, 1905. 



B. Eastern Margin op Atrevida Glacier 
Advancing into alder thicket at western base of Amphitheatre Knob. Photograph, 1906. 






Lucia. Glacier in 1909 from Terrace Point 

It was crevassed and moving rapidly. In 1890, 1905, and 1906 it was stagnant and without crevasses. 
The nunatak in the background was being overridden. Photograph, July, 1909, from SUtion B (Map 2). 





Pla-Tb XIX 





A. The Crevabsed Surface op Atrevida Glacier 
From Station C (Map 2), Terrace Point, August, 1906 





B. Atrevida GLAciEn 

From same station as upper view, July, 1909. Again mantled with ablation moraine (as in 1905) and crevasaing 
largely healed; but surface both higher and rougher than in 1905. 
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Long-Focus View or Csevassed Suhface of Atoeyida Glacier 
Looking east from Station B (Map 2), Terrace Point, Photograph taken August 2, 1906. See also Plate XXI, A, 




Plate XXI 



A. Lower Atrevida Glacier (August, 1909) 

From same site as Plate XX. In tlie interval the crevaasing has been healed and the mantle of ablation moraine 
has again covered the surface, so that, though both higher and rougher, the condition approaches that of 1906. 



P, Esker Stream, Point op Emergence, June, 1906 
Eastern margin of Atrevida Glacier. 



Plate XXII 



A. Tunnel itiom which Ebkeh Stbeam Emerged m 1909 
The crevassing of 1906 is healed (see Plate XXI, B) and the tunnel resembles that of the earlier years. 



B. Margin of Atkbvtda Glacibe, West of Eskee Stream 
Jagged ice cliff on ri^t where, in 1905, it was easy to ascend, over moraine waste, up a mod- 
erate slope. From this cliff blocks of ice and bowlders were constantly falling while the photograph 
was being taken. Note the trees being buried in the morainic debris and overturned by the ice 
shove. Photograph taken July 10, 1906. 




IMLabqin of Ateevida Giacieb 

Against the forest into which it was advancing in 1900 (see Plate 
XXII. B). Photograph, 1909. 




Plate XXIV 



A, Mobatne Covebhd Ice of Atbhvida Glacier 
In contact witli forest trees as a result of the 10O5-<5 advance. Photograph, 1909. 



B. The White Ice of the Futcre Interior Flat 
This appeared in the Atrevida Glacier bulb during the advance of 1905-0. Photograph, 1909. 






Plate XXV 



Western Mabqin of the Bulb op Atbbvida Glacibr 
In 1900 (upper picture) and 1909 (lower picture) from Station B (Map %), on Terrace Point. 


Plate XXVI 



Atrevida Glacier erom Amphitheatre Knob 

The crevassed bulb of Atrevida Glacier with Floral Hills in background. Morainic waste of Lucia Glacier between Atrevida 
Glacier and the Floral Hills. Photograph from Station A (Map 2), on June 29, 1906. See Plate XXVII. 



platb xxvn 



For description, see Plate XXVI. The two pictures form a continuous panorama. 





Gauano GiiAciKR m 1909 

Covered -with abjatiop mopaiae m which a few young shrubs were growing. 





PlATE XXjX 







B. Torn and Broeen Stomps op Mature Alder 
On the face of Galiano Glacier bulb, where they were growing at least as late as 1890, 
but were destroyed before 1905. 






Lower Part of Eskeb Stream Alluvial Fan 

Where the distributaries are spread out among the morainic hummocks of former expanded Galiano Glacier. View from crest of 
Amphitiieatie Knob, Station A (Map 21), at elevation of 2522 feet, June 29, 1900. 


Plate XXXII 



A, Vegetation on Piedmont Bulb of Galiano Glacier in 1909 



B« Marginal Stream of Galiano Glacebb in 1909 
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in 1909. Well within the mountain vaJley the marginal valley disappears, the glacier 
merging into talus from the mountain, and still higher into snow fans where snow has 
a.valanched down the mountain sides in such masses that summer melting at that elevation 
is incapable of removing it. The marginal valleys and the marginal streams present some 
interesting features which are described in later pages. 

Beyond the mountains the Galiano Glacier expands into a piedmont bulb more than 
double the width of the vaUey glader. It does not expand westward to a great extent, 
■chiefly because the mountain wall extends farther out in that direction, but partly be- 
cause it is t rimm ed on that side by the large glacial stream that flows down the western 
marginal valley and then turns eastward to enter Yakutat Bay. This expanded bulb is 
completely covered with ablation moraine, and in the outer portion ice can be seen in 
only a few small patches; in fact in the extreme eastern part we were unable to find any 
ice, though its presence was confidently inferred from the height of the moraine, its ir- 
regular surface; and the great amount of cold water that emerges from it. The margin 
of the ice bulb is an irregular, hummocky embankment whose base is essentially at sea 
level, and whose eastern end lies just back of the beach. The surface of the ice bulb 
IS a maze of hummocks and depressions with the roughly crescentic arrangement so typical 
of ablation moraines on expanded piedmont bulbs. That this glacier had the same gen- 
eral condition in 1890 as in 1909 is proved both by Russell’s photographs and by his 
description. He says “Dfibris-covered ice streams, too small to reach the water, are 
typical of a large class of glaciers in southern Alaska, which are slowly wasting away and 
have become buried beneath debris concentrated at the surface by reason of their own 
melting. The Galiano Glacier is a good example of this class.” ^ 

Along the southern base of the glacier bulb an alluvial fan is being built up by the stream 
from the western margin of the Galiano and to a lesser degree by small streams that 
issue from the glacier front. Beyond this, during the period of our observation, was a 
series of low morainic hummocks between which flow the distributaries of Esker Stream 
from the Atrevida Glacier. There is good reason for believing that ice still exists beneath 
this entire area and that, in reality, what seems to be the terminus of the Galiano Glacier 
bulb, as described above, is only the margin of a part of the glacier which remains higher 
than the rest because of a more recent supply of ice and of its protection from ablation 
by the morainic cover. The depressed area of the piedmont bulb beyond the apparent 
front of the glacier is interpreted, in part at least, as an interior flat, lowered by melting 
until it became the seat of alluvial fan deposit; but the area beyond this portion, which 
consists of morainic hummocks, probably represents the moraine-covered outermost 
portion of the piedmont bulb. The Galiano Glacier is believed to expand beyond the 
mountain front into a bulb with many times the area of that which is now visible, and 
to reach five miles or more from the mountain base, attaining a width of two or three 
miles in its broadest portion. That the bulb is not wider is due to the fact that it forms 
the shore of this part of Yakutat Bay, and has, therefore, been cut off on the eastern side. 

This interpretation of conditions in front of the visible piedmont bulb of the Galiano 
Glacier is based upon a number of facts, the most significant of which are a series of 
notable changes in condition between 1890 and 1&05, and between 1905 and 1909. These 
changes affected both the visible piedmont area and the region to the south of it. Their 

lEuBsell I. C., An Expedition to Mount St. Elias, Alaska, Nat. Geog. Mag., Vol. m, 1891, p, 101. 
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nature and significance can best be stated by sbowing tbe condition of the area in the 
several periods of observation, namely in 1890 and 1891 by Russell, in 1905 and 1906 by 
the U. S. Geological Survey parties, and in 1909 and 1910 by the National Geographic 
Society expedition. 

Conditions in 1890-1891. In his expedition of 1890 Professor Russell landed on the 
west side of Yakutat Bay near Galiano Glacier, and he has given us both a description 
of it and several photographs in 1890 and 1891 from which we can determine its princi- 
pal characteristics. He states,^ for example, that ‘*a little way back from the shore 
dumps of alders, interspersed with spruce trees, marked the beginning of the forest 
which covered the hills toward the west and southwest.” Near this rose a densely wooded 
hill “about 300 feet high, with a curving outline, convex southward,” which lay “at 
the mouth of a steep gorge in the hills,” plainly referring to the Galiano valley. Attracted 
by the peculiar appearance of the hill he forced his way “through the dense thickets” 
to its ^p where he “found a large kettle-shaped depression, the sides of which were solid 
walls of ice 50 feet high.” Continuing toward the “steep gorge in thehiUs” he forced 
his “way for nearly a mile through dense thickets” before reaching the “broad open 
fidds of rock and dirt” which “completely conceal the ice and form a barren, rugged 
surface, the picture of desolation.” 

This description does not fit any conditions existing in this vicinity in 1905 or later 
years, and we might suspect that some other region was referred to were it not for the 
fact that Russell’s photographs show dearly that the outer Galiano Glacier at that time 
was covered with vegetation. In his photographs the entire visible bulb beyond the 
mountains is darkened by vegetation (PI. XXIX). From these photographs it is 
evident that the continuous vegetation extended well within the mountain valley, and 
on the inner side became thinner, and was then succeeded by isolated patches, and 
finally by the moraine desert. This vegetation on Galiano Glacier bulb is shown in a 
Boundary Survey photograph in 1895, also proving that the vegetation was present four 
years before the 1899 earthquakes. The same photograph shows vegetation out be- 
yond the present bulb of Galiano Glader where now there is only a barren alluvial fan. 

Russell’s photographs also show an even-surfaced alluvial fan continuous in 1890 and 
1891 from the visible margin of the piedmont bulb southward for two miles or more. 
Over this fan the waters of Esker Stream and the stream from the western margin 
of Galiano Glader flowed in many distributaries. The surface of the fan was diversified 
only by the stream channels and was so smooth that the streams were evidently shifting 
constantly, for no vegetation, not even annual plants, grew over most of the surface. 
It was such a perfect alluvial fan that one would never suspect that it was built on glacier 
ice. Two small, low patches of alder and two low, narrow, alder-covered ridges rose 
above a portion of the alluvial fan near the sea, proving that these sections rose high enough 
to be above the reach of the shifting streams; but there is no indication as to their nature. 
Probably, however, they represent moraine knolls and ridges not yet consumed or buried 
by the fan-building streams. One of RusseU’s photographs was t^en from a gravel knoll 
which remained in 1905 and 1909. It is an overridden gravel remnant, bearing bowlders 
and till on its surface, showing that after its formation it was covered by glader ice. 

Conditions in 1905. When we visited this region in 1905 it required only a glance to 
see that there had been important changes in the mterval of 15 years since Russell’s 

» RusaeU, I. C., An Eapedition to Mount St. Elias, Alaska, Nat. Geog. Mag., Yol. m, 1891, pp. 86-80. 
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observations, and in tbe ten years since the Boundary Survey photograph was made. 
Accordingly, although the full significance of the changes were not then clear to us, we 
made comparative observations and photographs from Russell’s sites and studied the 
glacier and vicinity with his descriptions before us. There were two noteworthy changes, 
one in the glacier itself, the other in the alluvial fan just described. 

On the glacier the alder and forest cover was entirely destroyed, and our 1905 photo- 
graphs show barren ablation moraine from far up the mountain valley clear down to the 
visible front of the piedmont bulb. Even on the most stagnant eastern portion the forest 
was gone, and here were found quantities of dead wood, including mature tree trunks. 
In other places mature alder littered the surface of the piedmont bulb or was mixed with 
the morainic debris, and in two places the dead trunks were seen in considerable num- 
bers, upright and in place. Near the centre of the glacier, 60 feet above sea level, we 
found twenty or more small trees, the oldest with 25 annual rings (PI. XXX, B). 
They increased in size upward, as if standing upside down, but had downward-pointing 
roots for the lower visible 8 or 4 feet. These roots extended from shaggy bark, proving 
that the upward-expanding tree remnants were not tap roots, and indicating that the 
last months of life of these trees involved such adverse circumstances of soil encroach- 
ment that roots were sent out at higher and higher levels as the lower portions were 
buried. A yard or less above the highest roots the trees were tom off and the frayed 
splinters were bent down. 

The alluvial fan was as completely altered as the forest on the glacier. Not only 
could it no longer be seen from the sites of Russell’s pictures, which we carefully located, 
but there was no such perfect fan anywhere between the Galiano Glacier and the Kwik 
River. In its place was a series of low, undulating moraine hills (PI. XXX, A), some 
of them strewn with angular bowlders, such as characterize ablation moraine, between 
which flowed the muddy branches of Esker and Galiano streams- These streams were 
building up the depressions in the moraine and here and there were tr immin g the edges 
of the knolls. Besides the muddy glacial streams there were innumerable cold, dear- 
water streams emerging from the moraine, and small pools of clear, cold water in 
the depressions. There was a roughly concentric arrangement of the morainic hills 
with the concave side toward the Galiano Glacier. These morainic hillocks extended 
down to the shore of Yakutat Bay (PL XXXI); and that they also extended out 
under its waters was indicated by the pronounced shallowness of the water off shore 
along this coast, which caused icebergs to be stranded in far larger numbers, and to a 
greater distance out from the coast than is common along the shores of the bay. The 
moraine hillocks were found not only in the area of the former alluvial fan, but extended 
even to a distance of two or three miles to the south of Russell’s photographic site. In 
this outer portion we have no photographic proof of the condition in 1890, but the close 
resemblance of the low, barren, conical hills, ridges and groups of morainic hills in this 
area to those already described leads us to class them together as to cause. This con- 
clusion is further supported by the presence here of great numbers of tree trunks which 
littered the surface. Some of these, especially in the depressions near the coast, were 
doubtless brought and perhaps destroyed by the earthquake water wave which swept 
this coast in September, 1899; but others, resting above the line of driftwood that this 
wave brought, and even embedded in the moraine of the hillocks, cannot have been 
brought by the earthquake wave. 

We feel confident, therefore, that some great change had occurred here which had de- 



84 


ALASKAN GLACIEE STUDIES 


stroyed the existing forest and roughened the surface by the introduction of Inorainic 
knolls since 1890, and that this change had operated not only on the visible piedmont 
bulb of Galiano Glacier, but also for a distance of four or five miles south of where ice is 
now visible. 

Prom our study of the photographs of 1890 in comparison with the conditions in 1905 
and later years we believe that there has been an advance of the visible front of the 
piedmont bulb of Galiano Glacier, and a recession of the coast line immediately to the 
southeast of it; but the photographs were not taken from the ri^t points of view to make 
it possible to state this as a positive fact. 

While there had been such widespread and complete destruction of alder and other 
growth of vegetation over a wide area, it is a noteworthy fact that the vegetation had 
again begun to grow on this area in 1905. On the visible piedmont bulb were many indi- 
viduals and some clusters of young alder, five or six years old, while similar growth, with 
an abundance of annual and perennial plants, had taken possession of favorable portions 
of the moraine hillocks that have replaced the alluvial fan. If additional proof were 
necessary of the recency of the appearance of this morainic surface the condition of the 
vegetation would furnish it. In this climate, close by the sea, alder, cottonwood and 
spruce thrive: in fact, they extend even farther up the fiord and also clothe the hill slopes 
that rise to the west of this area. The morainic soil is unquestionably capable of sup- 
porting such growth, for in the interval between 1905 and 1909 the development of the 
alder has been remarkable. That such vegetation does not already thickly clothe the 
moraine areas can be accounted for only as a result of the fact, proved by other evidence 
equally, that the moraine has not been here long enough, 

Irder^retaiicm of the Changes, These phenomena, which puzzled us greatly in 1905,^ 
were interpreted in 1906 by the senior author as follows.® Galiano Glacier possessed 
features in 1905 not shared by the Black Glacier on the east and the Atrevida Glacier 
on the west. The puzzling new morainic hillocks and ridges were concentric and faced 
Galiano Glacier whose forest had been destroyed since 1890. This destruction followed 
a long period of stagnation, as shown by the dense alder thicket and forest that grew on 
the glacier, where we found large broken trunks in 1905, one of which had 75 annual 
rings. On the border of the alluvial fan, also, quiet conditions had permitted the growth 
( of trees for at least 60 years, and for a long time alluviation had been in progress, building 
the perfect alluvial fan now destroyed. The abrupt change took place sometime between 
1890 and 1905, destroyed the forest on the glacier and for 4 or 5 miles beyond it in the 
alluvial flat, up through which were pushed a series of hummocks and moraine patches 
on which vegetation was in 1905 just beginning to grow again. That the change occurred 
later than 1895 is proved by the Boundary Survey photograph of that year; and that it 
was not earlier than 1899 is indicated by the age of the new alder plants on the glacier 
and on the outer moraine hillocks. 

To account for this change by mere slumping would involve some special explanation 
of the 60 or 75 years of immunity from slumping necessitated by the forest and the sudden 
introduction of excessive slumping over an area of several square miles, and would not 
explain the broken and splintered tree stubs. Shattering of buried ice by earthquake 
shaking would share the last disadvantage; furthermore, it would be most remarkable 

I Tarr, R. S. and Martin, Lawrence, Bull. Amer. Geog. Soc., Vol. XXx viii, looe, pp. 152-8. 

* Tarr, R. S„ The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Greol. Survey, 1909, pp. 78-74* 
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to have had shattering in the broad area of the lower Galiano without corresponding 
breaking in the nei^boring Atrevida Glacier. The natives would have known it if there 
had been a five-mile advance. The only remaining hypothesis is that the Galiano Glacier 
extends out here for 4 or 5 noiles as a broad, lowered, moraine-covered piedmont bulb, 
the other portion being reduced by ablation, which has automatically checked melting, 
and that this part of the glacier had been nearly buried by alluvial fan deposits before 
1890, forests growing upon the unburied knobs of moraine and upon hi^er parts of the 
fan. Later, when Galiano Glacier moved forward, under the impulse derived from ava- 
lanching during the 1899 earthquakes, the forest on the lower end of the visible bulb 
was destroyed and the thrust even caused the buried ice to push up through the alluvial 
fan 4 or 5 miles away, destroying the forest there, causing more rapid melting, and giving 
rise to the distribution of alluvial fan and moraine patches, with new vegetation, seen 
in 1905. 

Observation here and elsewhere in 1906 and 1909 give to this interpretation a probability 
which we could hardly dare assign to it in 1905 when it stood as the only known case of 
such a change due to earthquake shaking. Now the main facts observed here are dupli- 
cated in other cases where the facts are matters of direct observations, not of interpre- 
tation alone. The only serious difficulties that occur to us in accepting this explanation 
are the remarkably quick response, of this glacier and the great extent of piedmont area 
affected, proportionately more than in other cases. The phenomena seem incapable of 
any other explanation, however, and we are forced to the conclusion that for some 
reason this small glacier responded not only quickly, but with such vigor as to affect 
a great area of stagnant, buried ice. There may, of course, be a very deep ice bulb buried 
here through which the impulse was communicated with such vigoi^ as to spread far out 
toward its periphery. 

Naturally we have searched carefully in the hope of finding the ice itself in this outer 
disturbed area; but our search has not been successful. Aside from the changes recorded, 
however, there is some evidence that the ice still lies beneath the deposits beyond the 
visible ice bulb. Perhaps the most noteworthy evidence is the great abundance of clear, 
cold water that oozes from all parts of the^ newly-elevated morainic area. There is no 
known source for this water, which far exceeds the rainfall, other than buried ice, and we 
have uniformly found the same condition of abundant cool springs and pools where we 
have other reasons to suspect the presence of buried ice; but we have not found this 
condition in localities where buried ice is not suspected on the basis of independent 
evidence. There are also a few areas where slumping has recently occmred, and there 
are some cracks in the soil, and numerous boggy places, all of which are common phenom- 
ena in places where moraine rests on buried ice. From these evidences alone we would 
have confidently inferred the existence of buried ice here, even though we had not been 
forced to this same conclusion by the striking changes between 1890 and 1906. 

Granting the existence of a buried, stagnant, ice block here we are led to inquire how 
it came to be in the condition observed in 1890. First it was doubtless an expanded 
piedmont bulb, and such a condition it would maintain so long as supply equalled general 
ablation; but when ablation exceeded supply it would begin to waste away and ablation 
moraine would cover its surface more and more deeply. The further wastage would then 
be differential and those parts which had least moraiae would be lowered most rapidly. 
It is a common condition in piedmont ice bulbs to find an area immediately in front of 
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the moimtains on which, for some reason, little debris exists. This is typically illustrated 
in the Variegated Glacier in this region and in the AUen Glacier in the Copper River 
region. Such a clear ice area developed in Atrevida Glacier in 1906, as already stated. 
We infer the existence of a similar clear ice area in the Galiano Glacier, which by more 
rapid ablation was reduced to the condition first of an interior flat and then, when 
low enough, to a region of alluviation. It was in the latter condition in 1890, and was 
then receiving deposits not only from Galiano Stream, but also from the drainage of 
Atrevida Glacier. 

The large ice block which we believe to be buried here must in the course of time receive 
a thick cover of outwash gravels which have a tendency to preserve it from wastage. 
But inevitably, in the course of time, if stagnation continues, this ice will completely 
melt away. If alluviation continues no depression may result, but if glacial streams 
cease to bring sediment, a large kettie would ultimately mark the site of the buried ice 
or, since the ocean is so near, an arm of the sea. The present condition and possible future 
of this region have more than local interest. It is one of many instances of more or less 
completely-buried masses of stagnant ice in the Alaskan region, which show us in actual 
existence what was undoubtedly common along the margin of the waning continental 
ice masses of the Glacial Period. The hterature of glacial phenomena does not assign 
to buried masses of stagnant ice the full importance which they probably had in shaping 
the topography of marginal deposits. The conditions near Galiano Glacier, and else- 
where in the Yakutat Bay region, give facts which ought to be of value in interpretation 
of these phenomena. 

Condition in 1909. The interval between the visits of 1906 and 1906 was too brief 
for any notable change in the condition of Galiano Glacier and the region to the south 
of it. But by 1909 there had been so much change that it was noticeable, and this 
change was of several kinds. The area of the ablation moraine in the mountain valley 
had extended farther toward the valley head than in 1905, when it evidently did not extend 
so far as in 1890. Alder had again spread over a large part of the piedmont area (PL 
XXXn, A) and even into the mountain valley. In most places the alder was young 
and in scattered individuals and clusters; but in the more stable parts of the piedmont 
area, and especially on the eastern side, there were already alder thickets through which 
it was difficult to travel, and in which the bushes were eight or nine years old. There 
was still much slumping of moraine in the piedmont area, probably because crevasses 
stiU existed there, and there were large pits barren of vegetation, but surrounded by 
alder growth; and there were other places where recent subsidence had overturned the 
alder that had begun to grow. Evidently the glacier had not yet settled down to a 
state of stability equal to that which permitted the growth of such a uniform cover of 
alder as was present in 1890. 

There were also notable changes in the marginal valleys on both the east and west 
sides. That on the east side was much broader than in 1905 and headed farther up in 
the mountain valley. Only a small stream emerged from the glacier on this side, as 
was true also in 1905; but it was cutting the glacier back, forming a steep ice cliff which 
was extending down-^ream, and thus was broadening its valley. At its lower end the 
ice cliff merged into a moraine-covered ice embankment on which young alders were 
growing. At this point, where the ice cliff was being extended down-stream, the moraine 
and its alder growth were sliding down the slope and here one saw withered, present- 
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day 5 to 10 year old alder buakes, some of them still green, and the battered stumps of 
the earlier alder growth, many of them over %5 years old, all mixed together in the moraine 
that was shding ofif of the glacier margin. 

On the west side, also, the marginal stream was extending its valley up into the moun- 
taios (PL XXXn, B), baring the ice of its load of marginal d6bris and, in places, de- 
veloping a steep ice cliflf, over a hundred feet hi^, down which we could not descend, 
and forcing us up-stream a quarter of a mhe to a more gently-sloping portion from which 
the moraine had not yet been removed. Here we saw a remarkable exhibition of the 
way in which the ice margin was being stripped of its moraine cover. While eating 
luncheon by the bank of the marginal stream, just where the bare ice cliff graded into the 
moraine-covered portion, we watched several small streams issuing from small crevasses 
and holes in the ice and descending torrentially over and through the moraine talus at 
the ice base. All of a sudden a landslide of considerable proportions slid down the ice 
face where one of the streams was issuing from the moraine (below A, PL XXXIII). 
It was so charged with water that it formed a veritable mud-flow in which stones a 
ton in weight were floated. The avalanche reached the marginal stream and in a few 
seconds forced it to one side and over the place where we had just then been seated. 
Slide after slide followed, and in less than fifteen minutes the marginal stream was pushed 
over into the fringing alder thicket, fully fifty feet from the place where it formerly 
flowed. In this brief interval a fan was built whose dimensions were estimated to be 
100 by 50 feet, with a depth of 6 feet at its front margin and 25 to 30 feet in the 
center. An area of ice of several score square yards was bared by these landslides. 

On both margins of the glacier near these marginal streams we encountered a band of 
crevassed ice which we did not see in 1905. It was not fresh breaking, such as is caused 
by advance, and, moreover, its marginal position, and the absence of crevassing in the 
glacier center and up the vaUey precludes this explanation. The phenomenon seems 
related to the development of the marginal draiiiage just described. Part of it may be 
due to slumping through undermining, but most of it is apparently due to the removal 
of debris from older crevasses, probably formed during the last cycle of advance. It is 
conceived that prior to 1905 the ice was broken, as the Atrevida Glacier was in 1906. 
This breaking was soon healed by ablation and by the sliding of moraine into the cre- 
vasses so that by 1905 they were hidden. Presumably there are similar crevasses all 
over the deeply moraine-covered ice, but most of them are now buried from view, though 
here and there one is seen; and there are long, narrow, linear valleys and ridges, which 
probably mark the sites of stiU others. The extension of the marginal drainage up the 
glacier side, doubtless a redevelopment of margmal drainage toward the condition that 
existed before the advance, has sharpened the cliff and exposed the ice, and from this 
the streams emerge heavily charged with debris. It is thought that the removal of this 
debris is opening up the marginal crevasses. Further down the glacier, where the d6bris 
is well stripped off, many crevasses are revealed. Another indication that the explana- 
tion proposed is correct is the fact that water is emerging from orifices part way up the 
ice cliff, as if from the bottoms of crevasses. In more mature ice drainage the water would 
find its way to the ice bottom through moulins and emerge from the ice base rather from 
the middle of the marginal slope. 

A third notable change in this region in the interval between our visits of 1905 and 1909 
is in the coast line. Just south of the glacier front the coast had been completely altered 
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in detail, and although in a region of deposit, where the normal change should be an 
outward growth, it had receded several yards and a gravel knoU that stood there in 1905 
had been nearly consumed. The site of our camp of 1905, which was on the beach at 
the base of this knoll had disappeared also. Slumping of the alluvial fan back of the 
beach was also indicated by the fact that, although this area had for four years received 
the drainage of the large stream that flowed from the western margin of Galiano Glacier, 
its bottom had not yet been raised above the reach of the tide. Indeed, it seemed even 
lower than it was in 1905. 

Out on the alluvial fan-moraine area in front of the visible ice bulb of the Galiano there 
had been much change in detail, but principally of two kmds. In the first place there 
had been a great increase in the amount and density of vegetation. On the higher and 
more extensive morainic knolls there were now alder thickets through which in places 
one found it diflScult to travel, whereas in 1905 there were no such areas. On the lower 
knolls there was less noticeable increase in vegetation, but we had good evidence of in- 
crease in one place when we attempted to find the site of one of our 1905 photographs and, 
in looking for the foreground stones, found them partly hidden by alders, whereas in 
1905 there were only annual and perennial plants and a few scattered alders one or two 
years old. The entire foreground (compare vegetation near stones marked A, B, C, 
and D in PL XXXIV) was completely altered by growth of vegetation. 

A second noteworthy change is that of deposit among the morainic hillocks. The 
process of filling the depressions, and thus of submerging the hillocks beneath gravel 
deposit, had proceeded so far as to be noticeable in some places; but we had no data for 
determining whether at the same time there had been a lowering of the hillocks by the 
melting out of the underlying ice, though this must inevitably have been the case, to 
some extent at least, for large quantities of cold water still issued from the moraine and 
this had without doubt been continuing during the intervening summers. The water 
that escaped represented ice that was lost by melting, and this loss must have caused a 
lowering of the moraine. 

It is natural that the anastomosing glacial streams which are building an outwash 
gravel plain between the moraines should change their courses as they build one portion 
higher than another. A number of such changes had occurred, but one was specially 
noteworthy. In 1905 and 1906 the Galiano stream flowed over an alluvial fan which it 
had built between the visible glacier front and the first range of low morainic bills a quar- 
ter of a mile to the south of it. Over this fan the stream wandered in branching and 
ever-shifting courses, and at times a branch swung over against the moraine which it had 
trimmed back into a fairly steeply-sloping bank. On the morning of July 28, 1909, the 
Galiano stream was flowing as usual, with three large distributaries and several smaller 
ones, all of which were easily forded, though the northern one was fairly deep and swift; 
but a small branch had foimd its way southward through a gap in the moraine. When we 
returned at night our progress was barred by a single torrent which outflowed through the 
gap, and which was crossed with difficulty. All the other stream courses were aban- 
doned, and for the time being the entire lower portion of the alluvial fan received no water 
or sediment. The new course proved so favorable that it was maintained as long as 
we remained there (until August 3), and that it was likely to be followed for some time 
was indicated by the fact that the torrent had entrenched itself in a newly-formed gravel 
gorge which was extending up-stream. 



GALIANO AND BLACK GLACIERS 


89 


West of the moraine which had been pushed up through the alluvial fan of 1890 is a very 
perfect fan built by Esker Stream, Over this the glacial waters flow in many branches 
which are constantly shifting (PL XXXI) . It is the most perfect alluvial fan in that vicin- 
ity, but as a perfect alluvial fan it terminates against the morainic hillocks and ridges of 
the buried Galiano bulb, and the waters pass down among them, making deposits in the 
depressions; but in 1890 the upper fan was continuous with the lower one, now destroyed. 
In each period of observation (1890, 1905, 1906 and 1909) the upper fan has been not 
only growing higher but extending laterally. The latter condition is brought out with 
striking clearness by reason of the fact that the alluvial fan was bordered on the north by 
a forest of cottonwood and spruce trees into which the glacial torrent is pouring its flood 
of water and sediment, burying and Tdlling many of the trees (PL XXXV, A) . Some, only 
slightly buried, are still growing in the barren alluvial fan; others stand there dead, and 
one of our packers who is familiar with the Alaskan forest, judging from the position and 
nature of the limbs, estimated that the gravel rose up on several of them to a hei^t of 
twenty-five feet. Back in the forest were gravel terraces on which a mature forest grew, 
and in which, beneath the living forest, were dead mature trunks in place, proving a still 
older period of burial at a higher level. It is believed that these deposits were laid down 
when the expanded bulb of Galiano Glacier stood up as a barrier across Esker Stream, 
forcing the deposit of its sediment load at a higher level than at present. Thus the 
region has been the theatre of extensive past as well as present day changes. 

The Cycle of Change. Galiano Glacier is the only instance in the Yakutat Bay region 
in which a practically completed cycle of change resulting from earthquake advance has 
been observed. It seems well, therefore, to briefly summarize the succession of events 
as observed and inferred. 

It is inferred that at some period, long before 1890, Galiano Glacier flowed out of its 
mountain valley and expanded into a huge bulb extending some five miles or more from 
the mountains, expanding somewhat toward the west, and toward the east entering the 
waters of Yakutat Bay, Just beyond the mountain front was an area of clear ice, but 
beyond it the piedmont ice became covered with ablation moraine. Ablation proceeded 
to lower the surface, most rapidly in the area of clear ice, but finally reduced the entire 
outer area nearly or quite to sea level. A glacial stream from Atrevida Glacier, Esker 
Stream, built an alluvial fan up to the western side of this piedmont ice area. In the. 
meantime a stream, developed on the western side of the Galiano Glacier, found escape 
into the interior flat that had developed in the dear ice area and began to deposit there; 
and in this work of deposit it was ultimately joined by Esker Stream, which hitherto had 
been deflected southward by the expanded Galiano ice bulb. Meanwhile forest had 
developed on the lowered moraine to the south of the alluvial fan of the interior flat; 
and a growth of alder, and, toward the east, of cottonwood and spruce trees, had covered 
the ice bulb that still rose above the interior flat and between it and the moxmtain. The 
glacier was in this condition when RusseU studied it in 1890, and when the Boundary 
surveyors photographed it in 1896, and doubtless continued in this condition until 1899 
or 1900, 

Then come the series of earthquakes in September, 1899, which shook down into the 
upper portion of the Galiano valley a great aeries of avalanches of snow and ice, the scars 
of some of which were easily recognizable in 1905 by comparison with 1890 photographs. 
Quickly, and presumably as early as 1900, judging by the age of the new alders found in 
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1905 and by the extent of healing of the glacier in that year, the entire Galiano Glacier 
from its valley head to the periphery of its buried piedmont bulb was under the influence 
of a spasmodic advance, which broke the surface of the glacier and pushed up through 
the alluvial fan as well as the area of morainic hillocks beyond it, at the same time 
destroying the alluvial fan, overturning the forest that grew on the glacier and that 
which was growing to the south of the alluvial fan. Ablation on the deeply moraine- 
covered ice soon hid the crevasses, partly by melting down of the surface, but largely 
by the sliding of the moraine into the crevasses, so that in 1905 the glacier surface showed 
no signs of the pronounced breakage of a few years before, which would be recognized by 
an observer unfamiliar with the phenomenon. This latter point would perhaps seem 
improbable were it not for the evidence that the advancing glaciers of 1906 furnish 
concerning the rapidity with which such a broken surface is healed by ablation. 

Now the glacier is returning to its former condition and the evidence of it was especially 
seen along the sides in 1909 where marginal drainage was again developing, and in doing 
so revealing some of the crevasses that were formed during the advance and that since 
then had been hidden by the ablation moraine. It was also shown by the immaturity 
of the ice drainage. The return of stagnation has again permitted the encroachment of 
vegetation upon the glacier, and it is rapidly spreading and developing alder thickets; 
but the presence of buried crevasses beneath the moraine, and the necessity of develop- 
ment of drainage, are causiug so much slumping that the advance of the vegetation is 
interrupted here and there. 

Changes were also in progress on the outer area of stagnant, buried ice, but this had 
not yet proceeded far and the morainic hillocks atUl rose prominently above the surface. 
However, vegetation was taking root here also, alluviation was in progress between the 
hillocks, and probably the surface of the moraines was being lowered by the melting of 
the buried ice. There was a tendency toward the return of the condition of 1890, but it 
will be many years before this work is complete, for there were many irregularities to be 
removed or graded up before an even-surfaced alluvial fanis again built here; and, although 
glacial streams bore great quantities of sediment, and were relatively rapid agencies of 
deposition, there was a large area to be covered and much deposit was necessary. At the 
observed rate of change it is probable that a quarter of a century hence the signs of the 
spasmodic breaking of the Galiano Glacier will stiU be visible here, while in the valley 
portion and its small inner piedmont bulb all signs of the advance will have disappeared. 
Ablation on the glacier itself is far more rapid than on the outer bulb which bears so thick 
a coat of morainic d4bris and alluvial fan gravels that no ice has been observed in it. 

In 1910 and 1913 the Galiano Glacier seemed, from the bay, to be essentially as in 
1909, except for the increased covering of vegetation. 

Black Glacier 

Black Glacier, a little over a mile east of Galiano Glacier (Map 2) resembles the Galiano 
in several respects, though in others the two glaciers are quite different. Although shorter 
and narrower than the Galiano, the Black Glacier occupies a similar steep-sided, short 
valley and is supplied with ice by several steeply-descending cascading tributaries at 
the valley head. Its surface to a point far up in the moimtain valley is covered with 
ablation moraine, and in the lower portion, in the areas of deepest moraine, there is con- 
siderable alder growth, forming small thickets. There is no continuous alder thicket. 
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such as existed on the Galiano in 1890, but some of the bushes are quite mature. A 
noteworthy difference between the two glaciers is the fact that the lower Black Glacier 
is a ridge, with a well-defined marginal valley on eitiher side; and a still more notable 
difference is the absence of a pronounced piedmont bulb at the lower end of the Black 
Glacier. It barely passes beyond the moimtain front and expands slightly at the very 
lowermost end; but no piedmont bulb is produced. 

Although the earthquakes of September, 1899, must have shaken the Black Glacier 
as much as the Galiano, we have been unable to find any evidence of an advance; and 
there are several facts which prove that if this glacier did respond at all to the influence 
of earthquake shaking it was only to a very limited extent. Russell photographed the 
glacier from its alluvial fan in 1890, and in 1905 we re-occupied the site of this picture 
and were unable to detect any distinctive change in appearance. That the glacier has 
not advanced to any extent since 1890 is proved by the presence of a mature cottonwood 
forest about 250 yards from the glacier front, which also appears in Russell’s picture. 
This photograph (PL XXXV, B) was taken at such a distance that we carmot be certain 
of the space that then separated the glacier from the forest, but it seems to have been 
about the same in 1890 as in 1905. Instead of advance. Black Glacier front gives evidence 
of recent recession, for in 1905 there was a low, moraine-covered stagnant ice mass about 
100 feet from the glacier front, and between it and the glacier there was no mature alder 
growth. But just outside this stagnant ice mass, and within a few feet of it, were alder 
bushes from ten to fifteen years old. The interpretation that we place on these facts 
is that in 1890 the ice front stood where the stagnant ice now rests, and that since then 
there has been recession of about 100 feet. Prior to 1890 the ice had been receding over 
the area of about 200 yards now covered by alder, and for at least a half century had 
not been farther out than the border of the cottonwood forest. 

Confirmatory evidence of the conclusion that Black Glacier has not been subjected to a 
recent advance as a result of earthquake shaking is supplied by two facts already men- 
tioned, namely, the mature alder growth still standing on the glacier, and the ridge form 
of the glacier itself. The ridge extends about a mile from the ice front, to an elevation 
of about 1100 feet, and its surface rises up the valley at a high angle, averaging about 20® 
in the first half mile. It is a single, narrow, moraine-covered axial ridge, sloping toward 
the valley walla often at an angle of 30° or 35°. Bare ice shows in many places, and stones 
frequently roll down the marginal slopes; but the moraine on the ridge top is thicker, 
5 or 6 feet, and ice is rarely revealed there. Alders grow in this thick moraine, one that 
was cut down in 1905 being 13 years old. Some are tdlled by sliding and slumping of the 
soil, but this did not seem to be due to ice movement, for there were no crevasses in the 
central ridge in the lower half mile of the glacier. Farther up the glacier, where crevasses 
are present, deep morainic soil and alder bushes are not found. Alders 5 or 6 years old 
grow on the glacier up to 1000 feet, a mUe from the end of the glacier. Beyond this the 
ridge flattens and disappears but in both 1905 and 1909 ablation moraine covered the 
glacier clear to the head. 

Had there been notable recent advance of this glacier the ridge would of necessity have 
been destroyed and the glacier put into closer contact with the mountain wall. It is 
inconceivable that so pronounced a ridge could have been formed by the development of 
marginal valleys in the interval between 1899 and 1905. Also, the mature alders could 
not have survived an advance and breakmg of any considerable amount. Those that are 
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being overturned axe easily accounted for by normal slumping of the morainic soil, accentu- 
ated here, perhaps, by the continued development of the ridge form of the glacier through 
ablation. 

The facts observed force tis to the conclusion that Black Glacier has experienced no 
notable advance under the impulse of earthquake shaking. This does not, of course,, 
imply that there has been no change as a result of the earthquake, for in the upper por- 
tion there may have been an advance and breaking of such slight proportions that it was 
not communicated to the lower portion. Possibly the small area of crevassing a little 
more than a mile from the terminus is a relic of such an advance. 

The contrast between Black and Galiano Glacier in this respect is notable, and it is- 
this contrast which to us constitutes the most interesting feature of the Black Glacier. 
The neighboring Galiano Glacier supplies' unquestionable proof of a great advance and 
breaking, while Black Glacier furnishes equally convincing proof of the absence of such 
advance and breaking; yet both receive their snow supplies from the same earthquake- 
^ shaken area. No other reason for this difference appears than the difference in size of 
the glaciers; and, of course, the related difference in extent of supply area. It must be 
concluded that there was not a sufficient amount of unstable snow and ice available in 
the supply ground of Black Glacier to give the impulse necessary for advance and break- 
age down to the glacier terminus. It may also be true that the narrow, and perhapa 
thin, ridge of ice that forms the lower Black Glacier was not a large enough mass of ice 
to transmit the thrust. This could only be true, though, if the thrust itself was weak; 
for a strong thrust would have broken and pushed forward even a rigid ice body that 
stood in the way. In 1905 it seemed to us a possibility, though not very probable, that 
the impulse of earthquake advance in the case of this glacier has for some reason been 
retarded and that its effects would be noted in later years. We accordingly examined 
it again in 1906 and in 1909, but could see no change. In 1910 and 1913 there was 
no change that was visible from Yakutat Bay. That an advance could be longer 
delayed seems inconceivable in a glacier of such small size, and in view of the notable 
advance of so many other larger glaciers. We therefore conclude that not only has there 
been no notable advance up to 1918, but that no future advance of the Black Glacier 
is to be expected as a result of the earthquakes of 1899. 
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TUBNER, HAENXE, AND HUBBARD GIACIEBS 
Ttjbnbr Glacier 

General Description. On the western side of Disenchantment Bay, a few miles up the 
fiord is the Turner Glacier (PL XXXVI), the first of the three tidal glaciers that 
discharges icebergs into Yakutat Bay. It was first described and photographed by 
Russell in 1890 and 1891; it was photographed by Brabazon of the Canadian Boundary 
Survey in 1895 and by Bryant in 1897; it was again photographed and described by 
Gilbert in 1899, and photographed by the U. S. Fish Commission in 1901; and it was 
studied and photographed by us in 1905, 1906, 1909, 1910 and 1913. We, therefore, have 
a more complete photographic record of the Turner Glacier than of any other in the 
Yakutat Bay region. 

Russell saw Turner Glacier from Haenke Island^ on July 3, 1890, and September 5, 
1891, and described it in this language: 

“From a wild cliff-enclosed vaUey toward the north, guarded by towering pinnacles 
and massive cliffs, flows a great glacier, the fountains of which are far back in the heart 
of the mountains beyond the reach of vision. Having vainly sought an Indian name for 
this ice-stream, I concluded to christen it the DdUon glader, in honor of John Dalton, 
a miner and frontiersman now living at Yakutat, who is justly considered the pioneer 
explorer of the region.^ The glacier is greatly shattered and pinnacled in descending 
its steep channel, and on reaching the sea it expands into a broad ice-foot. The last 
steep descent is made just before gainhig the water, and is marked by crevasses and 
pinnacles of magnificent proportion and beautiful color. This is one of the few glaciers 
in the St. Elias region that has well-defined medial and lateral moraines. At the bases 
of the cliffs on the western side there is a broad, lateral moraine, and in the center, looking 
like a winding road leading up the glacier, runs a triple-banded ribbon of d6bris, forming 
a typical medial moraine. The morainal material carried by the glacier is at last deposited 
at its foot, or floated away by icebergs, and scattered far and wide over the bottom of 
Yakutat Bay. 

"The glacier expands on entering the water, as is the habit of all glaciers when uncon- 
fined and ends in magnificent ice-cliffs some two miles in length.” 

Gilbert also described Turner Glacier fully in 1899,® comparing the conditions with 
those in 1891, 1895 and 1901. 

The description of this glacier published in our reports of the 1905 and 1906 expeditions 

1 RuaseU, I, C., Nat. Geog. Mag., Vol. HI, 1891, pp. 98-99; ISth Ann. Rept. TJ. S. Geol. Survey, 1894* 
FI. facing p. 86. 

> Th.e authors of this volume agree with this charactorusation, and regret the subsequent change in the name 
of this glacier from Dalton to Turner. 

a Gilbert, G, X., Harriman Alaska Expedition, Vol. m, 1904, pp. 66-69. 
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smamames the mam results of the earlier observations down to the close of 1906, and 
has been freely paraphrased here,^ with minor additions. Turner Glacier flows from an 
unknown source upon the slopes of Mt. Cook through a valley nearly a mile wide and 
with walls five to six thousand feet high (PI. XXXVII). Its visible slope is moderate 
and fairly regular, and the rapidly-moving ice is severely crevassed. Where the glacier 
passes from its mountain valley into Disenchantment Bay it expands to two miles in width 
(Map 8) and the slope is steepened from less than ten to as much as twenty-five degrees^ 
a change which Gilbert correctly interpreted as indicating the hanging valley condition^ 
due to the overdeepening of the main fiord by the larger, expanded Hubbard Glacier at 
the time when the smaller Turner Glacier was its tributary. The floor of this valley 
probably hangs well above the fiord bottom, and perhaps lies even above present water 
surface. Half a mile back from the terminus, and about half way between the medial and 
south lateral moraine, there was, in 1906, a massively-crevassed bulge, or dome, sug- 
gesting an unexposed nunatak and indicating that the ice was not very thick. Below the 
steep slope the ice expands into a flat-topped fan or bulb terminated by a crevassed (Jiff 
200 to 220 feet or more high, whose height is shown specifically in PL XXXVIH, where 
it is compared with a New York office building, drawn carefully to the same scale. The 
levelness of this ice foot suggests that it is either afloat, as Gilbert thought, or else rest- 
ing on a flat rock surface. If afloat Gilbert estimates that there must be 1500 to 1600 
feet of water here, but soundings are not available for determining this. It does not 
seem probable, however, that the glacier terminus is actually afloat, for the only known 
depths nearby are 264 feet just west of Haenke Island, 144 to 282 feet between Turner and 
Hubbard Glaciers near Osier Island, and 720 feet (no bottom) southwest of Haenke 
Island. The nearest of these is nearly two miles from Turner Glacier, but the depth 
of 1500 to 1600 feet is not thought probable, for the greatest depths in all Yakutat Bay 
are only 1002 to 1119 feet (PI. XCI), and the depth on the side of the bay near the 
Turner Glacier would normally be considerably less than the maximum. Still another 
reason for not believing this glacier front to be afloat is the nature of the iceberg dis- 
charge. If it were afloat there should be occasional larger masses breaking from the 
front; but as a matter of fact the icebergs discharged are all of small, or moderate size 
such as come from the grounded front of a tidal glacier. 

The front of Turner Glacier is not a completely-symmetrical bulb or fan, such as 
forms where glaciers emerge from confining valleys into broader spaces on the land, for 
iceberg formation and melting in the fiord check complete development of the bulb form. 
This expanded bulb has, therefore, a truncated terminus with a fairly straight, tidal ice 
chffjover two miles long in 1905,flanked by wing-Uke, moraine-covered points which ended 
on the land about 2| miles apart. Icebergs are steadily discharged from the cliff and 
float seaward with those from Hubbard Glacier, making an iceberg barrier so hard to 
penetrate that we found it difficult to work a boat up to within a half mile of the south 
edge of the glacier in 1905, and quite impossible in a half day’s work in 1906. 

The lateral moraines of Turner Glacier terminated in the tips of the wing-like edges 
of the ice front, the one on the south being compound. North of it were two narrow, 
indistinct, parallel, lateral moraines, then thin, narrow bands of debris, and then a 

> Tarr, R. S. and Martixi, Lawrence, Gladeis and Glaciation of Yakutat Bay, Alaska, Bull. Amer. Greog. Soc., 
Vol. XXXVm, 1906, p. 140. 

Tarr, R. S., The Yakutat Bay Region, Alaska, Prof. Paper 64, U. S. Geol. Survey, 1900, pp. 80-40. 
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pronounced medial moraine. Clear ice exceeded d6bris-laden ice in tte south half of the 
glacier, while in the north half there were no medial moraines and the north lateral 
moraine was not wide. 

The ice cliff is in general regular, reaching its maximum height within a quarter of a 
mile of the south side. In detail it is made up of innumerable points and recesses, the 
foremost cape being south of the middle of the glacier. Rapid movement, of undeter- 
mined rate, is indicated by severe crevassing and incessant iceberg discharge, even the 
d6bris-laden wing-tips being much broken in 1906. 

Changes Between 1891 and 1906. Photographs taken in 1905 on Haenke Island from 
the ^act site of Gilbert’s 1899 picture, and from as near the site of Russell’s 1891 picture 
as the growth of alder would permit its location, show the following changes, which have 
previously been announced.^ 

Between 1891 and 1905 Turner Glacier receded, the moraine-veneered tip, and the 
edge of the clear ice on the south, going back two to three hundred yards and the north 
edge an equal amount. The centre of the glacier receded a quarter of a mile, as 
shown by the truncation of the medial moraine. There were minor differences in the 
distribution of moraine on the ice. 

Between 1899 and 1905 the middle of the glacier receded, showing that fully two-thirds 
of the recession of Turner Glacier between 1891 and 1906 took place between 1899 and 
1906. But the north and south glacier tips advanced, both the clear and the debris- 
laden ice on the north side extending fully a quarter of a mile farther in 1905 than in 1899, 
while the south side advanced one or two hundred yards and was greatly broken clear 
up to the edge. 

Therefore, as Gilbert showed, there was recession between 1891 and 1899; but there 
was net recession between 1891 and 1905 with advance of the middle between 1899 and 
1901 and with advance and breaking on the edges and retreat in the center between 1901 
and 1905. 

This general recession is evidenced along the south margin of Turner Glacier where 
there was a low moraine in 1905 with no ice in it and no vegetation upon its surface. 
This was perhaps the moraine that the glacier margin touched at the time of Russell’s 
1891 picture. Just beyond this, and not far above the present glacier surface, the 
growth of good-sized alders, estimated to be not less than SO years old, proved that the 
glacier had not recently been much higher than in 1905. No spruces had advanced 
within several miles of Turner Glacier. 

Condition in 1906 and 1909. The only noticeable modification between 1905 and 1906 
was a slight change in the position of the medial moraine, suggesting a minor advance 
in the central portion of the glacier. In 1909, however, notable change was seen. By 
comparing the 1906 and 1909 views of Turner Glacier from Osier Island, recession in 
the northern wing was indicated by the noticeable increase in the area covered by mo- 
raine. A visit to the southern margin was made and photographic sites of 1905 and 
1906 were re-occupied. Here it was found that the southern wing had receded ^ghtly 
(PI. XXXIX) and its crevassed condition had disappeared, being replaced by a moraine- 
covered, uncrevassed margin, and that the ice over the steep part of the glacier was 

1 Tarr, R. S. and Martin, Lawrence, Glaciers and Glaciation of YaJcutat Bay, Alaska, Bull. Amer. Geog. Soc., 
Vol. XXXVm, 1906, p. 164; Torr, R. S., the Yakutat Bay Region, Alaska, Professional Paper 84, U. S. Geol. 
Survey, 1909, pp. 40-41. 



96 


ALASKAN GLACIER STUDIES 


thinner. This retreat is also shown by comparing 1906 and 1909 photographs from 
Gilbert's 1000 foot station above Osier Island. Exactly the opposite condition was 
observed in the tidal portion of the glacier, for in 1909 the point of the ice cliff projected 
so far as to hide the western margin of Hubbard Glacier which was visible from this 
photographic site in 1905, indicating an advance of several hundred yards. In 1906 the 
black point of Haenke Glacier was visible from one of our photographic sites on the 
south side of Turner Glacier, but in 1909 it had disappeared. This, however, is due in 
part to the recession of Haenke Glacier. 

Condition in 1910 and 191S. There was no great change in Turner Glacier from 1909 
to 1910. From Osier Island (Photo sta. C, Map 8) neither the north nor south edges 
showed any change (PI. XL, A) but from Gilbert’s photographic site 1000 feet above 
Osier Island (Station D, Map 8) it was apparent in 1910 that there had been a very 
slight retreat of the south edge and possibly of the north edge also. From both stations 
an increase of the area of dirty ice on the north margin was apparent. From the crest 
of Haenke Island (Photo, station A, Map 8), which was not visited in 1909, it was clear 
that there had been some retreat of the south edge between 1906 and 1910 and, with the 
recession of Haenlce Glacier, of the north edge also. No change in the noiddle portion 
was apparent. In September, 1918, when the junior author visited Yakutat Bay with 
the International Geological Congress, the Turner Glacier was seen to have continued 
its retreat. The tips of both the north and south wings of the glacier, especially the 
latter, were so inactive that they had ceased to discharge icebergs. They were covered 
with ablation moraine to a greater extent than at any time in the previous eight 
years. Very few icebergs were being discharged from the middle of the glacier cliff. 
It is clear, therefore, that the relative inactivity of Turner Glacier was continued at 
least until September, 1918. 

Txjrnhr GiiAcnaiR 
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Martin 

1910-1913 

Ret^'eat, especially at south edge 
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The general recession from 1891 to 1913 is thought to be normal, perhaps due to 
decreasing snow supply, perhaps slightly accentuated immediately after 1899 by the 
•earthquake shaking in that year. It is assumed that Turner Glacier has not yet been 
subjected to any profound spasmodic advance, such as some of the other glaciers of the 
region have experienced, but that the two periods of slight forward thrust between 1899 
and 1901 and between 1905 and 1906 represent only the response to moderate thrusts 
from some of the tributaries overloaded through earthquake avalanching. A great 
spasmodic forward movement may yet be in store for this glacier; or the effect of the 
earthquake may express itself only by similar repeated small advances. 

It is unfortunate that none of the tidal glaciers of Yakutat Bay have so far responded 
to the earthquake shaking, as some of the glaciers which terminate on the land have done. 
We cannot, therefore, tell what is to be expected as a result of such an advance. We 
would infer, however, that when such an advance occurs it will be a notable one, for the 
tidal glaciers are already moving with such rapidity that they are broken by crevasses 
from side to side, and we would expect the addition of a vigorous thrust to such rapidly- 
moving glaciers to push their fronts rapidly forward. Opposing this, however, is the 
tidal condition of the glaciers, owing to which advance under a forward thrust would 
be reduced by iceberg formation, especially if a grounded glacier front were pushed far 
enough forward to float, or if the glacier terminus is already afloat. Another difference 
between the tidal and non-tidal glaciers worthy of mention in this connection is that an 
advance in the former could not be detected by crevassing alone, as it might be in a non- 
tidal glacier, because their surfaces are already crevassed as much as is possible. For 
evidence of change in such a glacier in response to the earthquake shaking one would 
have to depend upon actual advance of the front, and upon changes along the margin. 

When one of the tidal glaciers does push forward it will be a matter of great interest 
to observe the nature of the change not only because of the differences in condition, as 
compared with those advancing glaciers already observed, but also as an indication of 
the extent to which it is possible for these large, vigorous glaciers to advance by this 
cause. It may have a distinct bearing on the interpretation of earlier changes of great 
•extent to which the glaciers of this region have been subjected. That these glaciers 
have not yet advanced need not necessarily be interpreted as indication that they will 
not do so. They are aU long glaciers, with many tributaries, and it is reasonable to 
■expect that a considerable period of time must elapse before they respond to the down- 
shaking of snow and ice in their remote reservoirs. This is perhaps less true of the Turner 
than of the Hubbard and Nunatak glaciers, but even the Turner is one of the longest and 
most vigorous of the glaciers of Yakutat Bay; indeed, judging from the discharge of ice- 
bergs from its front it is more vigorous than the Nunatak Glacier. It is of course possible 
that neither Turner nor any of the other great glaciers may ever advance notably, not 
because of failure to receive great additions of snow and ice to their reservoirs by avalanch- 
ing, for this is inconceivable, but by reason of minor responses, due to thrusts from indi- 
vidual tributaries at different times, dissipating the energy of the thrust that in other 
glaciers has been concentrated in one great spasmodic advance. While such a condition 
is a possibility, it is hardly probable and we feel warranted in predicting that in time the 
Turner and other tidal glaciers of the Yakutat Bay region will in all probability show in a 
spectacular way the result of such an advance. It is to be hoped that when this does 
occur, some observer will be on hand to witness its nature and extent. 
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Haenxe aot Miller Glaciehs 

General Description, Immediately north of Turner Glacier, and between it and Hub- 
bard Glacier are two much, smaller glaciers, each of which, however, is a great deal 
larger than Galiano Glacier. The southernmost of these has been named Haenke, the 
other had no name until now.^ Both of these glaciers have their sources in numerous 
smaU tributaries, some of them cascading, which are fed from the extensive snowfields 
that cover the lofty mountains to the northwest of the head of Disenchantment Bay. 
Haenke Glacier is the longer of the two, its grade is also steeper than that of its neighbor, 
and it is set more deeply in its valley. Both are normal valley glaciers, and until 1906 
both extended almost to the ends of their valleys, but failed to reach the fiord, from which 
they were separated by alluvial fans built by the streams to which their melting gave 
birth. In each case the strip of alluvial fan was a half mile to a mile wide, measured 
from the glacier front to the fiord, and the fans proved conclusively that these glaciers 
had not recently been tidal, for many years must have been required to build such broad, 
perfect, alluvial fans. Although they appear in the photographs of previous expeditions, 
these glaciers had not, until 1906, attracted enough attention in this region of much 
larger, more accessible glaciers, to have been given descriptions or even names. 

From the photographs taken prior to 1906 it is perfectly clear that in 1891, 1899 and 
1905 these two glaciers were essentially stagnant at their lower ends, which were covered 
with an extensive waste of black shale ablation moraine, much as Black Glacier still is. 
Far up the mountain valley, in each case, there was abundant crevassing, and in the upper 
reaches of each there was evid^ce of distinct activity; but for two or three miles from 
the fronts of the glaciers there were no crevasses that could be seen from the distance 
at which these glaciers were observed and photographed. 

Advance of Miller GlcLcier. In 1905, Miller Glacier showed some crevassing which 
We interpreted as a possible evidence of an advance, and this tentative conclusion was 
strengthened by the fact that the front of the glacier on the 1905 photographs from Haenke 
Island was apparently farther forward than in the 1899 photographs. We therefore 
wrote in the first draft of this report, as follows.- — ‘Tt is possible that between 1899 and 
and 1905 this glacier had undergone an advance as a result of earthquake shaking, and 
that by the latter year its effects had been so healed by ablation as to be no longer notice- 
able. Possibly had we been on the outlook for evidence of such an advance in 1905, and 
had then been as fa miliar with the effects of an advance as we ar e now, we might have 
detected it.” 

We have subsequently obtained possession of a photograph taken by EnsignC. R. Miller 
in 1901, in which it is clearly evident that in the early summer of that year Miller Glacier 
was profoundly crevassed, quite in contrast to its condition in 1899 and in 1905. There 
can be no question, therefore, but that between 1899 and 1901 Miller Glacier was trans- 
formed^ by crevassing, and that between 1901 and 1905, ablation had so reduced the ere- 
vassing that it could not be certainly proved by photographs alone. It thus seems to 
fall in the sei^ies of advancing glaciers of the Yakutat Bay region, and about in the posi- 
tion in that series in which, from its small size, one would be inclined to place it — that is 

iTo it we propose to give the name Miller Glacier after C. R. Miller, who, in charge of a U. S. Fish 
CommiBsion expedition in 1901, took the photograph from which we have been enabled to discover an im- 
portant episode in its history. 
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in the Galiano series, early responding to the earthquake shaking. Like the Galiano, it 
must have advanced within less than two years of the earthquake of September, 1899. 
This evidence leads us still more strongly to the belief that, in all probability, other small 
glaciers of this region passed through a cycle of advance prior to 1905, and so long 
before it that, as in the case of the Miller and Galiano Glaciers, the evidence of the ad- 
vance was quite hidden by the effect of ablation before the period of our first studies, in 
1905. We look upon the discovery of the evidence of this advance of Miller Glacier, 
the time of which can be so definitely determined, and which falls so appropriately in 
its place in the series of advancing glaciers, as one of the most striking confirmations 
of the theory of earthquake cause for advance which has so far been discovered. 
It is valuable confirmation of a theory when an expected phenomenon, predicted under 
the theory, can be proved to have occurred. 

It is further noteworthy, that the advance and transformation of Miller Glacier was 
less extensive than that of the neighboring Haenke Glacier. This also is expectable imder 
the theory, for with its small size, upon which its early advance depended, a more moderate 
advance should result than that of the much larger and more slowly responding neighbor. 
The 1901 photograph does not show the exact end of the newly crevassed glacier so that 
we cannot now state where it terminated, i 

Advancing Haenke Glaser. Our evidence of an advance of Haenke Glacier is even 
more complete than that of Miller Glacier, for, between August, 1905, and June, 1906, 
it had undergone a complete transformation as was demonstrated by actual observation. 
The undulating, uncrevassed, moraine-covered surface of 1905 was in 1906 transformed 
to a perfect labyrinth of crevasses, while clear ice appeared here and there throughout 
the glacier from as far back in the mountain s as we could see down to its front. The 
Haenke Glacier in 1906 was as badly crevassed as the Atrevida, but there wais less clear 
ice showing, probably because of the slow rate of ablation here where the snow-covered 
moimtains in the background, the ice-covered fiord in front, and Turner and Hubbard 
Glaciers on either side, give rise to a local climate that is much cooler in summer than in 
any other part of the coast of Yakutat Bay. This was proved by the presence of snow 
which covered the pluvial fans in this section in July, the only part of the coast of this 
inlet where snow remained near sea level. The crevassed surface of the glacier was, in 
consequence, still so black with debris that even in August we were unable to secure good 
photographs from a distance. 

That the broken glacier had also been notably thickened is proved by a comparison 
of photographs. It can be seen in the earlier photographs (PI. XLI, A) that Haenke 
Glacier descends over an increased slope just as it reaches the mountain front and 
th^at its lowermost portion rests on the face of this slope and spreads with decreased 
slope just beyond it. This condition, which closely resembles that of Turner Glacier, is 
interpreted, in the same way, as a result of the fact that Haenke valley is a hanging 
valley in its relation to Disenchantment Bay. In 1906 this increased slope was brought 
out with far greater clearness partly because the glacier front extended further, but 
largely because the amount of ice on the slope had been greatly increased. The 
glacier surface rose much higher, both above the lip of the ice-buried hanging valley 
and on its frontal slope. At the point where the glacier slope changes in passing 
over the lip of the hanging valley was found the greatest development of crevassing and 
the greatest amoimt of clear ice. 
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The most remarkable feature in the transformation of Haenke Glacier was the advance 
of its front completely across the fringing alluvial fan to the sea. At the same time it 
expanded laterally, as Turner Glacier does, with two wing-like ends, one pointing north- 
ward, the other southward. The latter wing coalesced with the north wing of Turner 
Glacier, thus forming a continuous ice cliff from the southern tip of Turner Glacier to the 
northern end of Haenke Glacier, adding nearly a mile and a haJf (PI. XXXVI) to the ice 
nhff that had existed here ten months earlier. Although this new ice front was com- 
pletely tidal there was not an active discharge of icebergs from it, possibly because of 
the fact that the front stood in very shallow water, resting on alluvial deposits previously 
laid down by the glacial stream that formed the destroyed alluvial fan. Some icebergs 
were being discharged, however, and the glacier front was everywhere a steep cliff; 
but for the most part it was so stained by the black shale moraine that clear ice appeared 
in it only in small patches where fragments had recently fallen (PL XL, B). 

The forward movement of Haenke Glacier carried its front at least 4500 feet 
farther out than it had stood ten months before (PL XXXVI), and the terminus of this 
glacier experienced a much greater actual forward movement than any of the glaciers 
that advanced in 1906, but not nearly so great as the Hidden Glacier between 1906 and 
1909. This greater forward thrust of the front may be due entirely to the difference in 
conditions surrounding the terminus. The other three advanciug glaciers, the Marvine, 
Atrevida and Variegated (and also the Galiano) terminate in expanded piedmont ice 
bulbs in which the movement, thickening, and breakage resulting from the thrust dissi- 
pated itself without accomplishing a large measure of forward motion of the glacier fronts; 
but Haenke Glacier (and also the Hidden) had no such expanded bulb, and the thrust, 
even though of less degree, being concentrated on a front only slightly broader than the 
valley glacier itself, naturally pushed it forward. It is to be pointed out, however, that 
a part of the advance of Haenke Glacier may be only apparent, for it is possible that a 
stagnant ice mass underlay the fringing alluvial fan; but we have no proof that this was so. 

Haenke Glacier from 1909 to 1913, Like the Atrevida Glacier, the Haenke since 1906 
had been so healed by ablation that from a distance one would not, in 1909, have sus- 
pected that it had so recently been broken into impassable condition. The spasmodic 
advance cannot, therefore, have lasted much longer than the summer of 1906, if indeed 
it had not ceased by that time. All the crevasses were hidden and the surface was once 
more completely covered from side to side from the front far up into the valley, with a 
uniform sheet of black shale ablation moraine. The surface was, perhaps, somewhat 
more hummocky than in 1905, though it is impossible to prove this from the photographs, 
in which the condition of 1905 and 1909 seem almost the same, though in each year vastly 
different from the condition in the intermediate period of 1906. 

The front of the glacier was apparently not so far out as in 1906, and it certainly was 
no longer tidal (PL XLI, B); but it stiU possessed a debris-stained cliff throughout 
practically its entire front. At the base of this cliff numerous debris cones and some 
small alluvial fans had formed, the former where moraine had slid down the ice front, 
the latter where streams emerged from the glacier. There were no appreciable changes 
between 1909, 1910, and 1913. The short time that the glacier was tidal is proof of 
the conclusion reached in 1906 that the ice cliff rested in shallow water. It seems safe 
to predict that the present cliff will soon disappear as the result of ablation, and that an 
extensive alluvial fan will eventually again develop and fringe the glacier front. The 
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glacier stiU expanded outside its mountain valley, as Turner Glacier does, but the 
southern wing seemed in 1910 and 1913 to no longer unite with the northern wing of 
the Turner, as it did in 1906. We could not, however, be certain of this, since the 
Haenke tip extends in behind the Turner and may be stiD united with it there. 

The changes in Haenke Glacier thus agree with those observed in the other glaciers 
which have advanced under the influence of earthquake shaking. The advance was 
abrupt, spasmodic and extensive, and it was completed in a very brief period. After 
being observed in the summer of 1906 the glacier evidently advanced little it any more, 
and since then ablation has proceeded with such great rapidity and effectiveness as to 
heal the crevasses that the spasmodic advance produced. The notable advance of the 
front has not been counterbalanced by recession, and cannot be for many years. 

We have given this glacier less thorough and close study than the other advancing 
glaciers, partly because of the difficulty of reaching it through the icebergs, but largely 
because prior to 1906 it had not presented phenomena of sufficient interest to warrant 
description and photographing from sites close enough at hand to permit more detailed 
comparative observations. As compared with the other glaciers that advanced in 1906 
it is of interest primarily because of the very notable forward thrust of its front, which, 
up to the time of our observations on Hidden Glacier in 1909, was quite unprecedented 
in amount and rapidity. It is, therefore, rather unfortunate that we have no record of 
the exact position of its front before 1906. 

Hubbard Glacier 

Oeneral Description. Hubbard Glacier (PI. XLII), one of the largest and grandest 
tidal glaciers on the North American continent, enters Yakutat Bay at the head of 
Disenchantment Bay. No photograph or description can do justice to the magnificence 
of this vast ice stream, which, having its source far back among tlie snow-covered 
mountains, flows with almost no stain of d6bris, as a pinnacled and crevassed flood of 
pure-white ice, deeply set in the mountain valleys, among lofty snow-capped peaks, and 
terminates in a lofty ice cliff from which icebergs are almost constantly falling. From 
every part of the fiord from which this glacier is visible it dominates the scene; yet, even 
when looking upon it from the most favorable viewpoint, and far more when looking 
upon a mere photograph of it, one cannot realize its size, for it is set in a mountain scene 
of such surpassing grandeur that even such a glacier is dwarfed by comparison. How 
large it is in reality may be inferred from the photograph of the glacier front on which 
is drawn to scale the Masonic Temple in Chicago (PI. XLItl, A), and from the map 
which compares this lower part of Hubbard Glacier with the whole of the Aletsch, Mer 
de Glace, and Rhone Glaciers in Switzerland (Pig. 6). 

Hubbard Glacier ^ has a total known length of twenty-eight miles along the north 
tributary, and is doubtless much longer, perhaps heading over forty miles to the north 
on a through-glacier divide with the Kaskawulsh Glacier north of the St. Elias Range. 
Besides this north ice tongue there is a broad tributary whose lower twelve and a half 
miles is all that has been seen by man; and there are two much narrower tributaries each 
at least twelve miles long, five other branches each over five miles long, and scores of 
smaller tributaries. The Hubbard Glacier system includes over 100 miles of known 

» Martiii, Lawrence, The Hubbard Glacier, Alaska, Popular Science Monthly, Vol. LXXVI, 1910, pp. 293-805. 
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valley glaciers larger than most of those in the Alps and there is, in addition, a very 
large unknown area. 

The front of Hubbard Glacier, measured in a straight line, is 8 J to 4 miles 
wide (PI. XXXVI) ; but since the ice cb'ff has a sinuous form, with projections in the 
center, it is in reality much longer than this, the total length being between 4^ and 5 
miles. This cliff rises between 250 and SOO feet above the water and extends an unknown 
distance below it. One usually needs to wait but a few moments to hear from some 
part of the cliff the thunderlike rumble or roar which is the first announcement of an 



Ro 6. The Lowbb Pobtion of the Huhbabd Glactbie, With THHua GiiAciBHa 
OF THE Swiss Alps Sopbkimposbd Upon It. 


AH four glaciers are drawn upon the same scale, those from Switzerland being 
shown from the snowfields to the end of the ice tongue. The contrast of width 
and length of these glaciers in Switzerland and in Alaska is notable. 

iceberg fall, followed a few moments later by the appearance of a great well which, on 
reaching the shore, forms a line of white breakers even at a distance of several Tnilpjg 
from the ice cliff. By watchmg the ice cliff, one may see the huge masses fall from the 
ice front and a fountain of water dash perhaps even to the top of the glacier, and then, in 
a few seconds, hear the report which the rending of the glacier sends out. One is 
fascinated by the performance; sometimes it is only a small piece that falls and then a 
sharp single report, like the crack of a pistol, goes through the air; again a part of the 
front crumbles and the down-shding ice, broken into small pieces, seems from a distance 
like a fo untain of water while the report is only a low rumble; at other times huge masses 
break away, for min g large icebergs, and the noise then produced is like the heavy 
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rumble of distant tbunder; and at rare intervals one may see a huge mass of blue or 
black ice thrust itself up from below the fiord, some distance from the glacier front, as a 
part of the submerged ice foot is broken off, and then no report is heard, but the wave 
that follows is far greater than usual. 

The water waves which follow the discharge of icebergs from the front of Hubbard 
Glacier are of great magnitude. In September, 1913, for example, the steamship 
Princess Mcu^inna was aground on a reef just west of Osier Island with the mem- 
bers of the International Geological Congress who visited Yakutat Bay under the 
guidance of the junior author. The ship lay over a mile from the glacier, and yet the 
water wave following the discharge of icebergs from Hubbard Glacier caused the steamer 
to roll until she took in water on the main deck, as first one side and then the other 
was tipped far down by the iceberg waves. 

There are periods when for an hour or two there is very little discharge, and then 
periods, fully as long, when scarcely a moment elapses without the sound of ice-falls 
from some part of the glacier front. It is possible that these differences are in some way 
related to the state of the tide, but we have not determined whether the periods of quiet 
and activity form part of a regular cycle or are merely irregular intervals due to accumu- 
lation of strain and relief from strain or to expansion and contraction under sunlight. 
While there are periods of relative quiet, they are not periods of absolute repose, and 
they occupy far less time than the periods of activity. Day and night the ice falls and 
the reports that pass out through the air are so frequent that it is fair to speak of the 
glacier as almost ceaselessly active. The noise disturbs one's sleep at first and sometimes, 
when an unusually heavy fall occurs, wakens one even after he has grown accustomed 
to the ordinary rumble. A sense of nervous relief is felt when camp is removed to a part 
of the fiord to which the iceberg roar and the breakers on the coast do not reach. 

This almost ceaseless activity of iceberg discharge testifies conclusively to the activ- 
ity of the glacier behind. To supply so much falling ice (Pis. XLII, XIJV) there must 
be rapid movement up to the front. The broad stream of floating ice that stretches 
throughout Disenchantment Bay, and down Yakutat Bay to a distance fully 15 miles 
from the glacier front (PI. L), offers further testimony in the same direction. And 
back of the ice cliff, where the surface from side to side is shattered by an impassable 
complex of yawning crevasses, sharp ice pinnacles, and seracs, one sees almost equally 
impressive evidence of rapid movement. The surface of Hubbard Glacier offers a 
strong contrast to that of the slowly-moving and stagnant ice masses, but resembles 
their condition during their brief periods of spasmodic advance. How fast the ice is 
moving is unknown, for no observations of rate have yet been made, but all facts indi- 
cate that, as glaciers go, it is a very rapidly moving ice stream. 

Concerning the reservoirs which supply this immense ice stream, and most of the 
tributaries which unite to form it, we have no further knowledge than that supplied by 
the Boundary Commission map.^ According to this map the sources of the Hubbard 
Glacier are far back among the lofty mountains of the St. Elias range, and probably 
in an ice-flooded area similar to that described by Russell as visible from the upper slopes 
of Mount St. Elias. No one has yet explored tius region and the difificulties in the way 
of such exploration are great, though probably not impossible. We have been able to 
look far up the glacier, and as far as we could see, many miles from the coast, there is a 

1 Atlas of Award, Alaskan Boundary Tribunal, Sheet 28. 
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broad valley filled ‘with crevassed ice, and bordered by lofty, snow-clad mountain peaks^ 
one of which, Mount Hubbard, rises to an elevation of 16,400 feet at a distance of 30^ 
miles from the Hubbard Glacier front. In the absence of a more thorough survey we 
cannot be certain of the length of Hubbard Glacier, but from the evidence that we have 
the distance from its front to the head of some of its tributaries cannot be less than 30 
miles and may be even as much as 50 miles. Doubtless it is made by the union of many 
tributaries of various sizes from Mount Hubbard, Mount Vancouver, and the mountams 
behind. It is probable that some of these upper portions of the Hubbard are through 
glaciers, feeding not only the Hubbard but also glaciers descending to the inland side of 
the mountain range, and possibly even directly connected with some of the feeders of 
Malaspina Glacier on the west, as they are known to be with Nunatak Glacier on the 
east. 

The outer portion of Hubbard Glacier, with its ice cliff, is made by the union of two 
large arms, one from the direction of Mount Vancouver to the northwest, the other and 
larger from the Mount Hubbard region to the north. The northwest arm is a mile and 
a half or two miles wide, the north arm from two to three miles wide where it emerges 
from its mountain valley. Within the area visible from points on the fiord several rela- 
tively small tributaries, extend to each of these arms, descending the mountain valleys 
with steep grades and in some cases as cascading glaciers, or else with cascading ends 
just above their junction with the main glacier. Although small in comparison with 
the two main arms of Hubbard Glacier several of these tributaries are comparable in 
length and width with the ordinary valley glacier of the Alps, Each of the main arms 
of the glacier has a moderate grade within its moimtain valley, the surface slope just in- 
side the mountains being estimated to be about 5°; but. where they emerge from the 
mountains, and just above where they coalesce, the grade abruptly increases to twice 
that amount. As in the case of the Turner Glacier this steepened slope is interpreted 
as the result of the fact that the mountain valleys which the two arms occupy are hanging 
in relation to the main fiord valley. In the same way is the cascading condition of the 
lower ends of the tributaries to the two arms of the Hubbard interpreted as a result 
of the fact that these tributary valleys are hanging above the valleys in which the two 
main glacier arms lie. 

Below the steepened slopes the north and northwest arms unite, forming a broad 
plateau with an undulating but nearly horizontal siuface, broken by a labyrinth of cre- 
vasses and bristling with ice pinnacles, and faced by the ice cliff already described. 
Whether any part of this terminus is afloat, or whether it all rests on the rock floor of 
its valley cannot be stated. At the base of the steepened slope the ice surface is only a 
few hundred feet above the fiord level, warranting the prediction that, if Hubbard 
Glacier should retreat. Disenchantment Bay would be extended several miles, and 
probably up to the base of the steepened slope. 

Both the two arms and the low-lying ice plateau which their union makes are remark- 
ably free from morainic debris (PL XLVI). This is in the main doubtless due to the 
fact that their rapid motion prevents the work of ablation from proceeding far enough 
to concentrate debris on the surface before reaching the front, where both ice and debris 
are floated away. A contributory cause for the absence of d6bris is the broadness of the 
valleys, by reason of which the avalanches in the lower valley portion cannot spread out 
toward the center of the glacier, while those that fall higher up are not revealed by 
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ablation. Another cause for the clean surface is the abundance of crevasses into which 
rock fragments would naturally fall. While there is little moraine on the surface, the 
abimdance of black, dirt-laden icebergs that float away from the front of Hubbard 
Glacier prove that there is much d6bris in the lower layers; and on the border of each 
arm there are well-defined lateral moraines, while the northwest arm has also a medial 
moraine. That the north arm has no medial moraines can only be explained by its rapid 
motion and the consequent ineffectiveness of ablation, for it is inconceivable that so 
great a glacier, heading so far back among lofty mountains, can fail to have tributaries 
of sufficient size to contribute notable supplies of medial morainic d6bris. It is to be 
noted, however, that close by each lateral moraine, and only a short distance out 
from it, is a moraine ribbon that probably represents a medial moraine of some 
tributary, pushed to one side by the dominance of the other arm of the main glacier. 

Of the two large arms visible from the sea, the northern is clearly not only the largest 
but far the most active, and, in fact, dominant in the ice plateau that is made by the 
coalescing of the two arms. There are several reasons for reaching this conclusion. 
The first of these is the larger size of the north arm. Even more noteworthy than this 
is the position of the moraines in the outer ice plateau. The two arms which form the 
plateau approach each other nearly at right angles, but the dominance of the north arm 
is made apparent by the fact that its western lateral moraine proceeds in fairly direct 
course to the fiord, whereas the medial and lateral moraines of the northwest arm bend 
sharply and extend to the fiord parallel and close to the lateral moraine of the north arm. 
The northwest arm is far too weak to deflect the lateral moraine of the north arm, but 
the north arm is strong enough to bend the moraines of the northwest arm at a right 
angle to the course which they were following up to the time that they came under its 
influence (PL XLV). 

The dominance of the north arm in the terminal ice plateau is also shown by the pro- 
portion of ice which it contributes to the terminus. After descending its steepened slope, 
this arm fans out slightly, and at the glacier front supplies the ice for fuUy two-thirds of 
the ice cliff. This conclusion is based upon the distance between the eastern lateral 
moraine and the moraine which comes down from the northwest arm. We estimate that 
the width of the ice front dominated by the north arm is fully one-half greater than the 
width of the north arm where it emerges from its mountain valley over the steepened 
slope. 

In addition to these evidences of the dominance of the north arm, the northwest arm 
furnishes proof of its own weakness. It has much more moraine on its surface than the 
north arm, including a medial moraine, and this is interpreted as the result of its slower 
motion and the resulting greater effectiveness of ablation. Furthermore, the northwest, 
arm seems to have a buried irregularity of the valley floor, revealed by a slight bulge 
where the glacier comes out of its hanging valley. The d6bris-covered ice below the 
bulge, for which there is no visible source, suggests a ledge near the surface, for this is 
the only dirty portion of the glacier away from the moraines and may be seen in earlier 
photographs by Russell and Gilbert. Its character is seen well from near Turner Glacier* 
Since this area occurs out in the glacier, at some distance from the margin, it is inter- 
preted as evidence that the ice in the northwest arm of Hubbard Glacier is not as thick 
where it passes over its steepened slope as the north arm is on its hanging valley Hp. 

The Southeastern Margin. Partly because of the interesting features which it presents. 
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and partly because of its relation to Variegated Glacier, the eastern margin of the Hub- 
bard Glacier was studied in some detail in 1905; and in view of the fact that notable 
changes had taken place when we studied it again in 1909, its characteristics will be 
stated here in some detail. Within the area of observation this margin may be divided 
into three portions, an upper, middle and lower portion. 

In the upper portion, which lies within and just outside of the mountain valley, there 
is a border of lateral moraine of considerable breadth, which near the very margin is 
so thick that most cfevasses are filled, making it possible for one to travel over the sur- 
face. But a short distance out on the ice the surface becomes badly crevassed and 
the moraine much thinner. Between the glacier and the mountain there is a marginal 
valley in which a small stream flows, and this is continued westward by a low, undulating 
depression in which lie several marginal lakes (PI. XLVH, B.) This depression is an 
interlobate area between the Hubbard and Variegated Glaciers, and its outer portion, 
where the two glaciers coalesce, is underlaid by ice. 

Below the depression, for a distance of about two miles, the Hubbard and Variegated 
Glaciers are united and one cannot state exactly where the line between the two should 
be drawn (PL XLII). Nevertheless it is perfectly plain that all but a very small 
area along the exact boundary is to be assigned to one or the other of the glaciers. This 
is made evident by the char^ter and distribution of the moraines. Hubbard and 
Variegated Glaciers approach each other at very nearly right angles, but Variegated 
Glacier spreads out in a broad, stagnant bulb, covered with moraine from side to side, 
while Hubbard Glacier pursues its course to the sea as a vigorous, actively-moving glacier, 
uncrevassed and moraine-covered only on the very margin. The marginal morainic 
ribbons on the Hubbard bend as if the Variegated dominated; but, in view of the stag- 
nant state of the Variegated, this cannot be the case and we must assume that the Hub- 
bard is set in a vaUey of sufficient depth to deflect it westward and prevent it from in- 
vading the area occupied by the stagnant Variegated, toward which it is directed when 
it comes from its mountain valley. On the two sides of the area of coalescence the mo- 
raines are wholly different. On the Hubbard side there are bands parallel to the direc- 
tion of ice motion toward the fiord and in these morainic bands fragments of red gneiss 
are sufficiently predominant to give the moraine color; but on the Variegated side the 
ribbon appearance is absent and in its place there is a confused waste of ablation moraine 
blackish in color because of the great abundance of black hornblende gneiss fragments, 
and with a roughly-crescentic banding apparent when viewed from a distance. 

There is a noteworthy difference in glacier condition on the two sides of the area of 
junction of the Variegated and Hubbard Glaciers. Where the two unite the glacier sur- 
face is so deeply covered with moraine that the ice is in large part hidden, though it 
appears here and there in crevasses and in cliffs. The emergence of springs, the abun- 
dant evidence of slumping of the moraine, and the general absence of vegetation all testify 
to the presence of ice beneath those areas in which no ice is visible. Usually we could 
also prove the existence of ice in such places by thrusting our ice axes down to it through 
the morainic veneer (PI. XLVH, A). The irregul^ protection which the moraine cover 
offers to the imderlying ice here, as elsewhere, gives rise to the development of hillocks 
and ridges, with intervening kettles and valleys. This condition of the glacier extends 
not only over the junction of the two glaciers, but also southward over the stagnant 
outer bulb of the Variegated Glacier. 
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Toward the north, on the other hand, in the region dominated by the northern arm of 
the Hubbard, the condition is wholly different. Crevasses appear, the moraine no longer 
forms a continuous cover but exists in ribbons with intervening areas of relatively clean 
icer and in a very few yards the glacier surface becomes quite impassable. Beyond lies 
the great sea of clean, white, crevassed and pinnacled ice, contrasting strikingly with 
the undulating black moraine of the Variegated Glacier. There is much variety in detail 
in this zone of actively-moving marginal ice of the Hubbard. For example, at one point 
the broken ice forms a pronounced dirt-covered ridge rising above the neighboring clear 
ice. Here the layers are steeply-inchned, and it is evident that lower d6bria-charged 
layers have been upturned and that the debris has so protected the broken ice from 
ablation that it stands up as a prominent, crevassed ridge. Here and there are small 
ponds on the ice surface, and everywhere there is great variety in the crevassing. One 
very notable feature in 1905 was the presence of a saucer-shaped depression, fully 250 
yards in diameter and 100 feet deep, in the actively-moving, crevassed ice, giving a local 
down-stream ascent to a part of the glacier surface just beyond the steep descent from 
the mountain valley. There are other undulations of the marginal surface which are 
interpreted as indications that the glacier is flowing over an irregular bottom. 

From this description the relations of the Hubbard and Variegated Glaciers are clear. 
They coalesce for some distance, but each maintains its individuality in all but a very 
narrow strip, and one is vigorously active, the other quite stagnant. It is a question 
whether the united ice mass from the northwestern margin of the Hubbard to the south- 
eastern margin of the Variegated ice bulb should be considered as one piedmont glacier. 
In a sense this is a warranted interpretation of the phenomena, and both RusseU and 
Gilbert adopted this interpretation, and extended the name Hubbard Glacier to include 
not only the actively-moving ice but also the stagnant Variegated bulb. We are in- 
clined, however, to confine the name Hubbard to the part dominated by the vigorous 
north and northwest arms, and apply the name Variegated to the stagnant piedmont 
bulb which it has formed, because the two glaciers are so different in character, and 
each portion is completely formed and dominated from a different source. At the same 
time, we recognize the fact that this entire low-lying ice mass, outside the individual 
valleys from which the supplying glaciers issue, is a continuous ice plateau, analogous 
to a piedmont glacier, though itself within a mountain vaUey. In this sense it might be 
warranted to give a name to the ice plateau, as in the case of Malaspina Glacier, and 
to give separate names to the three contributing glaciers — the northwest arm, the north 
arm, and the Variegated. A fourth glacier, the Orange, which barely coalesces with the 
Variegated, is to be classed with this system. Certainly at no very distant date, as is 
proved by the high-lying moraine terrace and the marginal drainage channels, these 
four glaciers contributed to the formation of a great trunk glacier which flowed out into 
Russell Fiord and Disenchantment Bay; but now recession has proceeded so far that the 
two eastern arms are so separated from the Hubbard that we believe it best in accordance 
with the facts to treat them as separate glaciers down to their terminus. 

The third portion of the southeastern margin of Hubbard Glacijer is the outermost part, 
beyond the point where the glacier turns so far to the west that it is again separated com- 
pletely from the Variegated bulb. In this portion the two glaciers are separated by a V- 
shaped valley in whose bottom a small, branching glacial stream flows, depositing out- 
wash gravels (PL XLIX). From the sea to the head of the valley the distance is about 
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half mile, and at its head the undulating, moraine-covered ice appears, with a 
depression between the two glaciers for several hundred yards further. On the south 
side of the valley rises the outer portion of the Variegated ice bulb, here low, undulating, 
and deeply covered with moraine. On the northern side (in 1905 and 1906) the 
Hubbard Glacier rose more steeply, but still with low enough slope so that one could 
easily ascend it. Moraine completely covered this wall of the glacier and no ice was 
visible in it; but just north of it, on the Hubbard Glacier surface, the moraine became 
t hinn er and more crevassed, and in a short distance one came to the normal broken 
surface of the Hubbard. This moraine-covered margin extended to the sea and there 
rose as a debris-stained clifiF, becoming rapidly higher and clearer of debris toward the 
west imtil the normal white ice cliff of the Hubbard front was reached. The amount 
of crevassing also increased away from the margin, and with it the amount of ice 
discharged. For a quarter of a mile from the glacier margin the debris-stained ice cliff 
was so inactive in 1906 and 1906 that iceberg discharge was practically absent. Only 
one or two small fragments were seen to fall, and the area of debris-stained cliff face waa 
far greater than the area whitened by recent falls. Moreover, there was pronoimced- 
undercutting of the ice cliff by the sea water which proved clearly that iceberg dis- 
charge was not rapid. These facts are of importance by contrast with the condition in 
1909 when an advance had begun along this part of the southeastern margin of the Hub- 
bard Glacier. 

Hubbard Glacier Before RusseWs Studies. In 1792 and 1794 Malaspina and Vancouver 
visited Yakutat Bay but teU us practically nothing specific concerning Hubbard Glacier. 
Malaspina’s map, however, and the description by Malaspina and Vancouver were* 
interpreted by Russell,^ Gilbert,® and Davidson ® as proving that Hubbard Glacier, joined 
by Turner, then extended southward to a point south of Haenke Island and five or six 
miles south of where it ends now. The authors of this book have opposed this interpre- 
tation,^ because of evidence from existing vegetation and shorelines and absence of lacus- 
trine deposits and of abandoned shorelines in a large part of Russell Fiord, and we place a 
different interpretation upon the conditions encountered by Malaspina in the light of 
existing floating ice phenomena, although we recognize the presence, rather recently, of 
a smaller lake in lower Russell Fiord. 

In Tebenkof’s Atlas of 1848 the chart made, as Davidson has shown, by the Russian 
Booligin in 1807 and Lieut. Khromtchenko in 1823 has a crescentic ice front a short 
distance north of Haenke Island and a lake is shown in Russell Fiord. It is five or six 
miles long and there is no independent lake now. It is not dissimilar in width to upper 
RusseU Fiord. It drains southward to the Pacific by the Situk river which is a little too 
long on the map and which now rises near the present head of Russell Fiord. The former- 
glacial lake in the head of Russell Fiord, whose shorelines we have studied, was of almost 
exactly this length and its outlet was probably the Situk. 

The front of Hubbard Glacier may have been north of Haenke Island in 1823 and the 
expanded Nunatak-Hidden Glacier reached the south part of Russell Fiord in that year 

1 HusaeU, I. C., Nat. Geog. Vol. HE, 1891, pp. 67, 97-98; ISth Ann. Hept., U. S. Geol. Survey, 1894*' 

p. 84. 

■ Gilbert, G. K., HarrimaTi Alaska Expedition, VoL Ht, 1904, p. 70. 

■ Davidson, George, Trans, and Proc. Geog. Soc., Pacific, 1904, p. 61. 

* Tbjt, K. S. and Martin, Lawrence, The Position of Hubbard Glacier Front in 1792 and 1794, Bull. Amer,. 
Geog. Soc., Vol. XXXIX, 1907, pp. 129-136. 
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and no conditions of vegetation known to us are opposed to this interpretation. The 
rapid retreat of these glaciers to their present positions is not impossible, judging by the 
rapid retreat of Nunatak Glacier from 1895 to 1909 and the recession of Muir and Grand 
Pacific Glaciers in Glacier Bay a mile and a haJf a year^ from 1794 to 1912. The absence 
of shorelines in northern Russell Fiord might be accounted for by the rapidity of retreat 
and quick shifting of lake levels, or by retreat southward instead of northward as suggested 
in a later paragraph. 

In 1888 Topham reports ® that “at the northeast end of Yakutat Bay the sea- water 
flows inland throu^ a narrow passage frequently blocked by ice into a lake known as 
Disenchantment Bay. This bay is said to be 30 miles long and to be surrounded by high 
mountains and great glaciers.” In 1890 Russell went far enough north of Haenke Island 
in the Corwin to see beyond the bend into Russell Fiord which he explored to the head 
in 1891, finding Hubbard Glacier not far from its present position.® 

The authors are still of the opinion that Russell, Gilbert, and Davidson misinterpreted 
Malaspina’s map and description. We believe, however, that Hubbard Glacier may have 
extended some distance farther south in 1792 than now, ending nevertheless north of 
Haenke Island then and in 1794, 1807, and 1823. We are inclined to believe that the 
Russell Fiord Lake existed as recently as 1823, as the map shows specifically, although 
this implies that an east branch of Hubbard-Variegated Glacier, joined by the Nunatak 
and Hidden Glaciers, then extended over twenty miles southeast and south to within 
six miles of the present head of Russell Fiord. The evidence is conclusive that this con- 
dition actually existed in a very recent period, and it may have been as late as 1823. 

The Disenchantment Bay bifurcation of such an expanded ice tongue would be far- 
ther back in 1823 than the Russell Fiord branch because the latter ended temporarily 
in fresh water rather than salt, but soon melted back and was dismembered because salt 
water from the Disenchantment Bay side got at it. A Yakutat native told us in 1905 
that his father-in-law, then stiU living, remembered when Nunatak Glacier extended to 
a point near Marble Point, about five miles southeast of Hubbard Glacier in Russell 
Fiord. This ail accords well with the idea of a great advance of all these glaciers in the 
late eighteenth or early nineteenth century, the Hubbard and Nunatak Glaciers having 
now melted further into the moutains than the adjacent Yakutat and Malaspina, becaxise 
outwash deposits protect large parts of the last two from salt water and rapid melting. 

Changes Between 1891 and 1905. From several points of view the Hubbard Glacier 
was photographed by Russell in 1891 and by Gilbert in 1899, and both of these observ- 
ers have described the glacier at the time of their observations, while Gilbert has 
made a study of the conditions in 1899 as compared with those in 1891, Photographs 
were also made by the Canadian Boundary surveyors in 1895, by Bryant in 1897, and 
by the U. S. Fish Conunission in 1901. In 1905, and again in 1906, we occupied the 
exact stations from which some of Russell’s and Gilbert’s photographs were taken, and 
the comparison of conditions was described in our earlier reports.^ Recent retreat 

1 Martin, Lawrence, Gladera and International Boundaries, Scientific American Supplement, Vol. 
LXXVI, 1913, pp. 129, 136-138. 

» Topham, H, W., Proc. Roy. Geog. Soc., Vol. XL, 1889, p. 425, 

• Russell, I. C., Nat. Geog. Mag., Vol. m, 1891, pp. 99-100 and PI. 9; ISth Ann. Kept., IT. S. Geol. Survey, 
1894, pp. 85, 89. 

* Tarr, R. S, and Martin, Lawrence, Glaciers and Glaciation of Yakutat Bay, Alaska, Bull. Amer. Geog. 
Soc., Vol. XXXVin, 1906, pp. 154-165; Tarr, R. S., Professional Paper 64, tJ. S. Geol. Survey, 1909, p. 45. 
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southeast of the glacier is proved by morainic margins so recently abandoned as to be 
free from vegetation. 

Gilbert had previously shown that in 1899 ^ Hubbard Glacier had retreated one or two 
himdred feet since Russell made his studies in 1890 and 1891, as viewed from Osier Island 
and slightly since 1895 as viewed from Haenke Island. The retreat was even greater 
between 1899 and 1901, for Gilbert states that the 1901 pictures by the Fish Commission 
party show that ‘^at a point where a prominent moraine makes the comparison somewhat 
definite, the ice cliff appears to have stood 700 to 1000 feet farther back than in 1899. 
The cliff was also shortened at each end by the enlargement of the marginal belts of stag- 
nant ice.” 

Between 1899 and 1905 the northwest part of Hubbard Glacier advanced, as shown 
by comparison of our photographs with those from Gilbert’s photographic site above 
Osier Island. The west margin was farther out in 1905 than when photographed from 
Osier Island by Russell in 1891. It was several hundred yards farther out than when 
photographed from Haenke Island by Russell in 1891 and by Gilbert in 1899. The bend 
in the medial moraine of the northwest arm, as seen from Haenke Island and from the 
mountain side above Osier Island, was a quarter of a mile farther southeast in 1905 then 
in 1891, and several hundred yards farther in 1905 than in 1899. 

The exact site of Gilbert’s 1899 pictures of Hubbard Glacier from the coast between 
Variegated and Hubbard Glaciers could not be found in 1905 because altered by wave 
work; but from approximately the same site, that is with the same points in line on the 
mountains in the background, it was perfectly clear that the southeast side of Hubbard 
Glacier had retreated between 1899 and 1905, probably several hundred yards. 

This advance of the northwest part of Hubbard Glacier and retreat of the southeast 
side between 1899 and 1905 we interpret as an indication of an advance of the weaker 
northwest arm imder the impulse of the earthquake shaking, the strong north arm re- 
treating relatively because of ice lost during the severe shaking of the 1899 earthquakes, 
as proved by the direct testimony of prospectors who were encamped beside it in 1899 » 
and by the Fish Com m ission pictures from which Gilbert proved a retreat of 700 to 1000 
feet between 1899 and 1901, as already stated. 

Corditiori in 1906. In this year we thou^t that there was a more active discharge of 
icebergs from Hubbard Glacier front than in the previous season, and that there was a 
greater quantity of ice floating in Disenchantment Bay. But such evidence is of little 
value, being mere impression. Comparison with the photographs of 1905, however, 
gives evidence of a slight advance in the northwestern portion of the ice front, but nothing 
to compare with the advance of other glaciers in the region, including the smaller Varie- 
gated and Haenke Glaciers nearby. We made a visit to the southeastern margin of the 
Hubbard and foimd the condition there unchanged, so that the description given in 
previous pages applies as fully in 1906 as to the preceding year. 

Advance in 1909. In the summer of 1909 evidence was observed of a very distinct 
forward movement (PI, XLVIII), though it was apparently only the beginning. This 

1 Gilbert, G. K., Glaciers and Glaciation, Harriman Alaska Expedition, Vol. S, 1904, pp. 63-66. 
a Tarr, H. S. and Martin, Lawrence, Recent Changes of Level in Alaska, Bull. Geol. Soc. Amer., Vol. XVII, 
1906, p. 31; Martin, Lawrence, The Alaskan Earthquakes of 1899, Bull. Geol. Soc. Amer., Voh 21, 1910, p. 359; 
Tarr, R. S. and Martin, Lawrence, The Earthquakes at Yakutat Bay, Alaska, in September, 1899, Pro- 
fessional Paper No. 69, TJ, S. Geol. Survey, 1912, pp. 15-17. 
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evidence was so clear that it is brought out distinctly in the photographs taken from 
the earlier sites. Prom Gilbert’s site, for instance, at an elevation of 1000 feet on the 
mountain slope above Osier Island, it was clearly evident that the northwestern arm had 
continued to advance since 1906, the extreme western margin being several hundred 
yards farther out and the ice cliff in that part of the glacier being slightly extended. 
One of the evidences of advance of the northwest arm discovered in 1905 was changed, 
namely, the position of the bend of the medial moraine of that arm. This bend was 
further back, and where deflected westward, the curve was blunter than in 1905. This 
might be due either to increase in weakness of the northwest arm or to increase in 
strength of movement of the north arm. That it is not the former is proved by the 
continued advance of the western margin of the Hubbard. This leads to the acceptance 
of the latter interpretation, and direct proof of its correctness is supplied by the con- 
dition of the southeastern part of the glacier. The extreme outermost part of the ice 
front, which is supplied from the north arm, projected 200 or 300 feet farther out than 
in 1906 and at least a quarter of a mile farther than in 1891. Along the southeastern 
margin there was much less d6bris than in 1905 and 1906 and the eastern portion of the 
ice cliff had a far larger proportion of clear ice. A further noteworthy fact was the position 
of a morainic ribbon that lay on the glacier just outside of the southeastern lateral mo- 
raine. In 1906 it was much farther out in the glacier than in 1909 as if in the meantime 
it had been pushed westward, in toward the valley wall by the advance of the glacier. 

All these facts convince us that while the northwest arm had advanced somewhat, the 
north arm had also begun an advance in the interval between 1906 and 1909. There 
was quite certainly a much more active discharge of ice from the glacier front than in 
1905 and 1906. Sometimes there was an almost steady roar for a half hour. There was 
very heavy ice off the glacier front, far more than in former years, though it is of course 
true that this condition varies greatly from time to time. The natives report such heavy 
ice in 1909 as to interfere with their sealing. Neither in 1905 nor 1906 was there nearly 
so much stranded ice on the beach at our camp site on the west shore of the bay as in 1909. 
It seemed certain that the forward thrust of the ice front, which was unquestionably 
in progress, was accompanied by a more rapid discharge of ice into the fiord. 

Clear and convincing proof of recent advance was found at the southeastern margin 
of the Hubbard Glacier. There was certainly a considerable advance of the front as 
viewed from the photographic sites selected by Gilbert in 1899 and re-occupied (approxi- 
mately) by us in 1905 and 1906; but since these sites are on the beach we cannot be 
certain that we re-occupied them exactly, and accordingly, in 1909, we established a new 
photographic station (F. Map 3) on a neighboring morainic mound, marking its site 
by a cairn. 

The clearest evidence of advance of the southeastern margin, however, is furnished 
by the change in the condition of the glacier itself. The ice cliff, which extends here from 
the land into the sea was much more broken than formerly, it had a much smaller propor- 
tion of d6bris-stained ice, and there were frequent falls of icebergs from its face. In 
former years only small blocks fell from this front, and then only rarely, but during the 
period of our observation in 1909 there were many ice falls, some of them of large size. 
This indicated that the stagnant margin was advancing and there was abundant further 
proof of this conclusion in the change in condition of the margin where it rested on the 
land nearby. In 1906 and previous years this margin was a uniformly debris-covered 
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slope up which one could easily climb. In 1909 the margin was in the main an ice cliff, too 
steep for easy climbing, rent by a number of recently opened cracks, and broken by thrust 
faults. The extreme recency of this breaking was made evident by the angularity of the 
edges of these crevasses, which had not been exposed long enough for ablation to greatly 
modify the original angularity of breakage. 

A veneer of from 1 to 3 feet of moraine rested on the upper portion of this newly-exposed 
ice cliff, and in it occasional young willows were growing. It had the appearance of an 
ice cliff recently steepened, broken, and protruded through the moraine cover, the change 
being easily seen by comparison of photographs made in 1905 and 1909. As the ice cliff 
melted, the moraine from above was sliding down, and with it the willows that were 
thus undermined. These rock fragments with a few bushes, together with the debris 
that had fallen away from the steep ice face, had formed a small talus at the base of the 
ice cliff. For fully half a mile bowlders, clay, and other morainic d6bris were cascading 
down the steep ice face. 

From the new ice cliff many small, muddy streams were issuing and uniting, forming a 
muddy glacial stream of considerable proportions in the V-shaped valley between Hub- 
bard and Variegated Glaciers, where previously there was only a small stream, from the 
head of the valley, with trickling, dear-water tributaries from the Hubbard margin. 
This augmented drainage united to form a muddy pond back of the bowlder beach, 
through which it escaped in one fairly large channel. Where this pond stood, and between 
it and the glacier margin, annual and perennial plants and willow bushes throve in 1905 
and 1906, but in 1909 many of these were submerged either in the icy water or in the mud 
that it was depositing. On one willow, around which we dug in the freshly-deposited 
mud, we found bark over a foot bdow the surface, from which new roots were starting. 
Practically all the willows partly submerged in mud were still growing, which is taken 
as evidence that the deposits which were overwhelming them had been there but a short 
time. 

Continued Advance in 1910- Between July, 1909, and June, 1910, the junior author 
found that forward movement of the northwest side of Hubbard Glacier (PL XLVm) 
exceeded that in the southeast, where some points actually receded, although at least 
two points on the south coast advanced during this period and the crevassing near the 
margin increased decidedly. The specific measurements quoted below are based upon 
a resurvey of the ice front originally plotted upon the plane table map in 1909 (Map 3). 
The photographs taken in 1910 also show the changes when compared with 1909 
photographs from the same sites. From Osier Island (Photo. Station C, Map S) it was 
clear that there had been an advance of the ice point just west of the center. From 
Gilbert Point (Photo, Station D, Map 3) a very slight retreat of the west edge of the 
glacier was shown, the ice point next it in the northwest part of the glacier had advanced, 
apparently between six and seven hundred feet, the ice point nearest midglacier was 
either stationary or showed very slight retreat, an adjacent cliff (the one projecting 
farthest in 1909) retreated nearly 1000 feet, a point of black ice nearer the southeast 
side of the glacier was shortened almost 500 feet and large areas of black ice on the 
east side were diminished or had completely disappeared. From Haenke Island (Photo. 
Station A, !^p 3) it was clear in 1910 that the northwest portion and the east central 
cliff had advanced slightly since 1906. This photograph station was not visited in 
1909. 
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Lajtdblidb into Mabginal Stheam op GaiiIANo Glacibb in 1909 
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B. Black Glacier in 1890 
Photograph by L C- Russell from Station G (Map 2). 
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Disenchantment Bat and its Glaciers in 1906 
The reefs are not located accurately upon this maj 
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Makgin op Tdkneii GiiACIHR in 1905 (tipper view) and in 1909 (lo”WEb 
From Station B (Map 3). Note tlie increase in morainic covering. 
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A. Tueiter Glacier in 1910 
From Station C (Map 3) on Osier Island. 





B, Haenee Glacier in 1906 

From same site as upper view. It was then crevassed and advancing (see Plate XLI, B). 




Plate XU 



B. HaBNKE GLAaER IN 1909 
From Station C (Map 3) on Osier Island (see Plate XL, B), 






Hubbard Glacier in 1909 

From Station D (Map 3) on Gilbert Point south of Osier Island and 1000 feet above sea level (see Plate XL VI). 



Plate XLIII 



B, Iceberg in Yakutat Bat in 1905 





Plate XLIV 
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Hxjbbahd Glacteb. Junction of its Two Main Branches 
Photograph by A. J. Brabazon in 1895. Mt. Vancouver on left. 





Plate XLVI 



Htjbbaed GxiAgieib. PIront Am) Northwest A-rxt 
Photographeci in 1910 from St^tioR D (Map 8), on Gilbert Point, south of Osier Island (i 
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A. Stagnant MoRArNE-CovERBD Eastbbn Margin of Hubbard Glacihr 
Slumping so rapidly that no vegetation grows. Photograph taken July 6, 1905. 



B. Eastern Margin of Hubbard GLACfEER (on right) 

Near emergence from mountain valley. Showing swinging of lateral moraines westward away from 
the Variegated Glacier bulb. Photograph taken July 5, 1905. 




PlATB XLViil 



From Station C (Map 3). The white lines show positions of the ice front as photographed from the same station between 1891 and 1910. 
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From the cairn built in 1909 between Hubbard and Variegated Glaciers (Photo. Sta- 
tion P, Map 3), it was plain in 1910 that one point near the center of the glacier had 
advanced since 1909 perhaps several hundred feet, that the dirty projecting cliff had 
advanced slightly, and that crevassing in the non-tidal southeast edge of the glacier had 
increased somewhat. The same was observed from near the site of Gilbert’s beach station, 
close to the ice edge (Photo. Station E, Map 3). The area of black crevassed ice bared 
by June, 1910, and of cracking had not increased so much near the head of the stream 
between Hubbard and Variegated Glaciers as close to the tidal portion, though even 
here the additional crevassing was not remarkable. The surface of the margin of the 
glacier still showed many minor hummocks of ablation moraine that were present in 
1909. The dirty tidal cliff was a little less debris-stained than eleven months before. 
All in all, therefore, although there had been noticeable change, the transformation was 
not remarkable. One could say distinctly that advance had continued since 1909, but it 
was no such advance as took place in Atrevida, Variegated, Haenke, and Marvine lobe of 
Malaspina Glacier between 1905 and 1906. Indeed, with the specific measurements of 
retreat shown in some points of the ice front (Map 3), it is thought possible that the ad- 
vance initiated in the southeast portion of the glacier between 1906 and 1909 was nearly 
over in 1910. 

The advance of the northwest portion of the glacier which began earlier seemed to be 
continuing more vigorously. Iceberg discharge from the front of Hubbard Glacier was 
probably less active in June, 1910, than in the previous July. More floating ice was pres- 
ent, but that was thought to be due chiefly to another cause. 

Condition in 1913, Because of the delay incidental to the detention of the Interna- 
tional Geological Congress ship on the newly-discovered reef near Osier Island in 
September, 1913, the junior author was unable to reoccupy any of the photographic 
sites established in earlier years. It was clear, however, that the slight advance of 
Hubbard Glacier in 1909-10 was practically over before 1913. No part of the ice 
front had advanced significantly and the western and southeastern margins seemed to 
have retreated slightly. Iceberg discharge was much less active than in 1910, a fortu- 
nate circumstance to which may be ascribed the fact that no more damage was done to 
the vessel during her half day’s stay upon the reef in front of Hubbard Glacier. 

Significance of the Advance. The complex history presented by the Hubbard Glacier 
corresponds, in a way, with that of the Turner, and the interpretation placed upon it is 
the same. It does not follow, of course, that the rather deliberate advance of the 
northwestern arm from 1901 to 1910 following the retreat of 100 to 200 feet between 1890 
and 1899 and of 700 to 1000 feet between 1899 and 1901, is the only response that this part 
of the glacier will show to the effects of earthquake shaking. It may be that the advance 
was merely the result of climatic influences, or of an impulse due to earthquake shaking 
imparted by one or a small number of tributaries, and that a still greater forward move- 
ment is yet in store. It would be interesting and quite unexpected if so large a glacier 
gave such a- weak response to the cause which pushed the front of the far smaller 
neighboring Haenke Glacier forward nearly a mile, or if the north arm, which is so 
active, should fail to respond strongly and advance vigorously later, as it did weakly in 
1909-10. It is by no means an impossibility that, under the influence of such a thrust, 
Hubbard Glacier front might be pushed forward two miles across the fiord to the 
mountain side behind Osier Island, making Russell Fiord into a lake once more. 
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Tabtjlab Statement op OscniATioNS op Hubbakd Glacibb 


Year 

Nature of Change 

Based on observations by 

1890-1891 


Slight 

advance 

of 

west 

part 

Russell 

1891-1895 

\ 

Canadian Boundary Survey 

1896-1897 

' Slight retreat i 

1 ■ 

Bryant 

1897-1899 


Gilbert 

1899-1901 

Retreat west part 700-1000 ft 

Advance west 
part several 
hundred 
yards; re- 
treat east, 
part several 
himdred 
yards 

U. S. Fish Commission 

1901-1906 


Tarr and Martin 

/ 

1906-1906 

Continued advance west part; very little 
change east part 

Tarr 

1906-1909 

Continued advance of west part; slight ad- 
vance and crevassing of east part 

Tarr and Martin 

1909-1910 

Continued advance of west part 660 feet; 
some retreat and some advance in east 
part, but slight increase in crevassing. 

Martin 

1910-1913 

Recession of western and southeastern 
margins 

Martin 























CHAPTER Vn 


THE VARIEGATED, ORANGE AND BUTLER GLACIERS 
Variegated Glacier 

PrevUms Description* Russell, the first scientific man to see this glacier which Kes 
just east of Hubbard Glacier described it as follows ^ in 1890: — 

‘*A d4bris-covered glacier, so completely concealed by continuous sheets of stones 
and earth that its true character can scarcely be recognized, descends from the mountains 
just east of Hubbard Glacier. It is formed by the union of two principal tributaries, 
and, on reaching comparatively level ground, expands into a broad ice foot, but does not 
have sufficient volume to reach the sea.” 

On his second expedition in 1891, having a better view of it, Russell decided that the 
Variegated Glacier coalesced with the Hubbard.® 

“East of Hubbard Glacier there is a large buried glacier fed by several ice streams from 
the mountains above, which I judged from the view obtained from the Corwin, in 1890, 
was separated from the Hubbard Glacier, but better opportunities for observation ob- 
tained a year later showed that the two ice bodies are confluent.” 

Gilbert ® reached the same conclusion in 1899, as did Gannett ^ in making his map. 
Gilbert’s description of what we now call Variegated Glacier, based on seeing it from be- 
tween Hubbard and Variegated Glaciers and upon a comprehensive view from the 
1000 foot station above Osier Island, was as follows. He is writing about the combined 
Hubbard and Variegated Glaciers. 

“The southeastern third of the glacier was moraine covered, not only at the water 
edge but for nearly or quite two miles inland. The material was coarse and angular, 
and was divided into zones or belts distinguished at a distance by their contrasting 
colors — ^black, yellow, purple, green, blue-black, and orange or rusty. These bands 
had not the ordinary arrangement of parallel medial moraines, but tended rather to 
contour the slope, and the search for their origin and meaning would make an in- 
teresting and profitable study. Some of them occupy ridges and others hollows, 
suggesting inequality in their ability to retard the melting of the ice beneath, but 
the whole surface was rugged in detail, exhibiting a continuous series of hummocks 
and kettles.” 

Our interpretation of the relationship of Hubbard and Variegated Glaciers, already 
stated in connection with Hubbard Glacier, is that, although the two glaciers undoubt- 
edly coalesce, they are essentially independent (Map 8). The name Variegated has, 

1 Ruflaell. I. C., An Expedition to Mount St. Elia^ Nat. G^g. Mag., Vol. 3, 1891, p. 100. 

* Russell, I, C., Second Expedition to Mount St. Elias, in 1891. Thirteenth Ann. Rept., U. S. Creol. Survey, 
pt % 1892, p. 80. 

> Gilbert, G. E., Glaciers and Glaciation, Haniman Alaska Expedition, Vol. 3, 1904, pp. 63-60. 

< Gannett, Henry, Same, Plate VUE, opposite p. 62. 


110 



116 


ALASEAN GLACIER STUDIES 


therefore been applied not only to the valley feeder, but also to the stagnant, piedmont 
area that spreads westward until it partly unites with the Hubbard. 

In 1905 we assumed, with Russell and Gilbert, that the Variegated Glacier bulb was 
fed by two glaciers, the Variegated and Orange,^ but in 1906, on a journey to the sup- 
posed eastern tributary, now named the Orange Glacier, it was found that, while this 
glacier did actually coalesce with the Variegated for a short distance, the two were quite 
independent, and the stagnant piedmont area was entirely supplied and dominated by 
the Variegated Glacier. It has therefore been necessary to change the names applied 
in 1905 under the supposition that the piedmont area was supplied by two arms. 

The Variegated Glacier and its piedmont bulb presented many features of interest in 

1905, especially the nature and distribution of its ablation moraines, but in 1906 it was 
absolutely transformed by a spasmodic advance. Therefore in both years it received 
considerable attention. The statement and discussion of the observations of 1905 and 

1906, which are fully presented in the reports on the expedition of these years, are in 
the main so essential to a clear understanding of the changes observed in 1909, that it is 
necessary to restate the main points in the previously published description. 

Valley Portion in 1905,^ Variegated Glacier descends in serpentine course from an 
unknown source among the mountains east of Mt. Seattle through a deep valley bordered 
by mountain walls greatly steepened by glacial erosion. We ascended this glacier to an 
elevation of 2100 feet, finding the ice everywhere smooth and easy to traverse (PL LIU), 
with only here and there a crevasse, or small group of crevasses, in the upper portion, 
but nowhere finding our progress impeded. In cross-section the glacier surface was flat, 
with a descent on either margin, increasing in steepness toward the valley mouth. The 
glacier grade varied considerably, but within the mountains was usually from 7 to 10 
degrees, though near the valley mouth the grade became much less, and in some areas 
the ice surface was quite flat, and even locally had an upstream descent. Below the snow 
line, which lay just above the highest point which we reached (2100 feet), ablation was 
rapidly in progress increasing greatly in the lower portion, where both lateral and medial 
moraines appeared, while scattered patches of moraine and angular blocks were strewn 
over the surface. 

The evidence was complete that even well within its mountain valley the Variegated 
Glacier was only moderately active, while in the lower part of the valley portion the 
glacier was qtiite inactive. This inactivity of the lower portion was shown not only by 
the lack of crevassing, and the flat or undulating surface strewn with d6bris, but also 
by the presence of a marginal valley on either side with moraine-covered ice for one 
wall and the mountain side for the other. The smoothed and striated mountain walls, 
and the presence of moraine terraces on then slopes, on which only a few scattered 
annual plants had yet encroached, proved that at a very recent date this glacier had 
been more expanded and was then in contact with the mountain wall clear down to the 
end of the valley. 

The moraine on the glacier was mainly angular and evidently largely derived from rock 
falls from the mountain sides, which include a variety of rock types, including black 

1 Tair, R. S. a nd Martm, Lawenoe, Glaciers and Glaciation of Yakutat Bay, Alaska, Bull. Amer. Geog. Soc 
Vol. XXXVm, 1006, pp. 147-149. 

a See Tarr, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, 1909, pp. 46-6S. 
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hornblende gneiss near the valley mouth on both sides, and above this, green argillite 
schist, white granite, and red, orange,and banded-gray gneiss that on exposure to weather 
rusts to different colors. All these rock types were present in the angular moraine that 
was strewn in bands and patches over the lower portion of the valley glacier. 

The Expanded Bulb in 1906. On emerging from its valley (Map 8, in pocket). 
Variegated Glacier expanded in a broad, bulb-shaped piedmont area, which was evi- 
dently completely stagnant. This bulb spread westward until it coalesced with Hubbard 
Glacier, and southward almost to the fiord. Throughout the piedmont bulb the surface 
was almost completely covered with ablation moraine, increasing in thickness toward 
the periphery.^ The piedmont area consisted of three quite different parts: (1) just 
beyond the valley portion of the glacier an expanded bulb mostly covered by a series of 
crescentic moraine ridges of different colors,* thou^ with ice appearing here and there in 
small areas; (2) a crescentic interior flat mainly of gravel, but with ice beneath; and (8) 
an outer, much larger area so deeply covered with moraine that ice showed in only a few 
places. 

The Inner BvJh. Between the interior flat and the valley glacier the inner bulb began 
abruptly in a steep ice wall rising fully 100 feet above the partially debris-veneered portion 
of the valley glacier. This slope 
rose up to a ridge whose crest 
was covered with blocks of a 
gray quartz gneiss which on ex- 
posure to the weather rusted to 
an orange yellow, giving to the 
moraine ridge a distinct orange 
tinge noticeable at a distance of 
7 or 8 miles. This orange mo- 
raine ridge was crescentic in 
form with the concave side up- 
stream, and on its eastern end 
it merged into the eastern lateral 
moraine of the valley part of the 
glacier. 

Outside the orange moraine, 
down as far as the interior flat, 
were a succession of valleys and 

ridges, all crescentic in form „ « ^ 

/■cti rt\ rwyt 11 1 Fio. 7 . Sketch map of banded moramcs of Vanegated UlaciCT ID l»uc. 

(hig. 7). Ihe valleys were lO- White granite moraine; B, red rusted moraine; C, hornblende 

cated in areas of thin moraine, gieiss moraine; D, intenor flat; E, red moraine; purple moraine; 

1 j XL -x 6, green moraine; H, orange moraine; I, ice surface; J, beach; iC, 

while tne ndges marKeci the sites glacial stream, 1905; L, glacial stream, 1006; Mf highest[^pomt 

of thicker morainic accumula- reached in 1005. 
tion; but nowhere was the mo- 
raine thick. The crescentic ridges, whose radius increased toward the interior flat, 
were notably different in color. That next the orange moraine was greenish in color, 

^ For a more detailed description of this piedmont area, see Tarr, R. S., The Yakutat Bay Region, Alaska, 
Professional Paper 64, U. S. Geol. Survey, 1900, pp. 47-49. 

• First observed and described by Gilbert in 1899. 
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due to a predominance of green scliist, while beyond this came a purplish moraine, due 
to the presence of a purple gneiss in sufficient quantities to mask the scattered red, orange 
and black fragments in it. There were other shorter, less distinct moraines with curva- 
ture parallel to the neighboring more pronounced ridges. The purple moraine, which 
had a width of about an eighth of a mile, descended steeply to the interior flat, but on this 
descent were two minor, not very distinct ridges, one red in color, the other white, owing 
to the presence of many fragments of white granite. 

Because of oxir interest in the peculiar banded moraines we traversed this part of the 
ice bulb and nowhere found the least evidence of motion. It was a greatly roughened 
surface, strewn with large angular blocks, but not a single crevasse was found. Here 
and there ice was seen, especially on the steeper ridge slopes and in the valleys, and every- 
where there was clear evidence that ice existed just beneath the moraine surface, and we 
could usually reach it by thrusting our ice axes into the moraine. The surface was con- 
stantly shifting by the undermining caused by melting of the ice beneath, and probably 
this is the main reason why there was so little vegetation. Scattered willows, none over 
two years old, were growing here and there on all the moraine ridges excepting the orange 
moraine. Many dead plants were seen, and many others with their roots partly exposed 
by recent undermining. Evidently in such a shifting soil the growth of but' a year or 
two was all that a plant could attain before the slumpingof the surface removed the soil 
in which it was growing. 

The Irderior Flat in 1906, The interior flat had the form of a crescent with the con- 
cave side toward the mountain valley, where it was bordered by the steeply-rising red 
and purple moraine whose crest was about 250 feet above it; on the outer side it was 
bordered by the concave ridge of the broad, black hornblende gneiss area of the outer 
bulb, which rose over 200 feet above it. The flat was, therefore, a very notable feature, 
(PL LI, A) interrupting the succession of crescentic moraines of the inner and outer 
bulbs. Its length was more than a mile and its width in its widest part fully three quar- 
ters of a mile, but narrowing rapidly toward either end. Its elevation was about 100 
feet above sea level. The surface of the interior flat was mainly composed of gravels 
brought by streams issuing from the inner bulb of the Variegated Glacier, but some low 
ridges and hummocks rose above the alluvial flats. There were areas of depression oc- 
cupied by lakes, some pits formed by recent settling, and numerous cracks and faults, 
proving that the settling was still in progress. These facts prove the presence of ice 
beneath the interior flat, but that it was not in motion was clearly indicated by the 
general levelness of the floor of the interior flat. Probably the ice beneath the flat was 
very thin. 

It is believed that the interior flat represents the site of a clear ice area, such as is ob- 
served in other glaciers of this region, which, when the glacier became stagnant, was so 
lowered by ablation that it formed a depression in the glacier bulb in which sedimentation 
ultimately began, thus burying the ice. In 1905 two streams were contributing to the 
alluvial deposits, one from the northern side bringing the drainage of the northern margin 
of the Variegated Glacier, the other, and much the larger, emerging (PI. LVII, A) from an 
ice gorge in the southern portion of the inner bulb, then descending in a fall into a granite 
gorge, from which it emerged first across moraine, then upon the interior flat. Both streams 
flowed in branching course across the interior flat, and then, after uniting, passed through 
a moraine-walled ice gorge in the outer bulb of the glaciers, and finally, uniting with a 
stream from Orange Glacier, flowing ia many distributaries to the fiord over a very large 
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alluvial fan outside the periphery of the outer bulb. The ice drainage was therefore pecul- 
iar, for, on emerging from the glacier it passed first over a lowered part of the glacier 
which it was burying with its deposits, then through an ice gorge across the outer bulb, 
building another alluvial fan deposit there. With the development of the interior flat 
there has probably been a notable decrease in the rate of growth of the outer alluvial 
fan because so much of the sediment was left by the streams in the interior flat. 

The Older Bulb in 1905, The outer bulb, beyond the interior flat, had the same gen- 
eral features in 1905, 1906 and 1909. It rose steeply above the flat to a height of about a 
hundred feet, and thence to its periphery consisted of an irregular hummocky morainic 
mass. For the first half mile or so this moraine had a general black color due to predom- 
ioance of black hornblende gneiss, though throughout its extent there were scattered 
fragments of white granite, purple gneiss and other rocks. Outside the black hornblende 
moraine came a narrow band of red rusted gneiss, then a belt a quarter of a mile or more 
in width, in which there was such an abundance of white granite fragments among the 
black hornblende as to give the moraine a grayish appearance when viewed from a dis- 
tance. In the black hornblende belt there was everywhere distinct evidence of the 
presence of ice at no great distance beneath the surface, and every here and there ice was 
seen; but this moraine was much thicker than that on the inner bulb. No ice has been 
actually observed in the outer belt of white granite moraine, but we are convinced that 
ice existed there even to the very periphery where the bulb rises above the beach. We 
reach this conclusion because the moraine surface is cracked, there were areas of slump- 
ing, and much cold water was issuing in small streams or standing in shallow lakes. 
It is even possible that the ice extended out beneath the fiord, for there is here a broad 
shoal extending at least a quarter of a mile off shore. 

On the black hornblende moraine there was a general absence of vegetation, though 
moss, tufts of grass, and scattered annual plants occurred here and there, and there were 
occasional young alders and willows, rarely more than one or two years old, though one 
was found with ten annual rings. Toward the periphery of the bulb, where the moraine 
was thicker, the ice thinner, and, therefore, the conditions of stability much greater, the 
amount of plant growth increased rapidly. On the very outer portion of the moraine 
were small alder thickets with bushes having usually no more than eight rings of annual 
growth. 

It was evident in 1905 that no ice motion extended across the interior flat to the outer 
bulb, and, in fact, that there had been no motion in this outer portion of the glacier for a 
number of years before that. The outer bulb was, therefore, passing through a period 
of wastage with no addition to its supply, and the inner bulb had started upon the same 
career, haying progressed far enough in it to become almost completely moraine-covered. 
The condition of 1905 gave reason for believing that both the outer and inner bulbs, 
together with the interior flat, were on the road to complete destruction by ablation, 
and had it not been for the spectacular changes of the succeeding year there would doubt- 
less have been little of interest to record about this glacier except the progress of its wast- 
age and the interpretation of its morainic phenomena. 

The Advance of 1906. We saw Variegated Glacier for the last time in 1905 about the 
middle of August, and its condition was then as described above. About ten months 
later, in June, 1906, when the senior author approached it, he saw, even from a distance, 
that it was utterly transformed. The outer moraine, outside the interior flat was un- 
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changed, and the flat itself was unaltered excepting by being narrowed by advance of 
the ice on the inner side; but, all above the interior flat was completely changed. Far 
up the valley, to the point where we had so easily walked ten months before, the ice sur- 
face was a maze of jagged pinnacles and seracs with intervening crevasses. The ice rose 
higher in its valley. It extended to the walls of the mountain valley. AH smooth ice was 
gone, and the medial and lateral moraines were destroyed. It had become an entirely 
different glacier in almost every respect in the brief interval of ten months. From the 
valley mouth to its head the glacier was impassable, and there was not a half acre that 
was unbroken. The entire valley glacier was broken as an ice fall is in Alpine valleys, 
or as the Hubbard Glacier is back of its ice cliff. It seemed almost incredible that ten 
months before one could go over this surface in any direction, encountering a crevasse 
only here and there. In August, 1905, sleds could have been easily drawn over the valley 
glacier; in 1906 one could go out on the glacier only with the greatest difficulty. 

The crevassing extended throughout practically the entire inner bulb, destroying the 
series of colored moraines of 1905, and replacing this area of moraine-covered ridges and 
hummocks with a maze of jagged pinnacles and deep crevasses. In 1905 from a distance 
no ice could be seen in this area of banded moraines, but in 1906 fully half the surface 
was clear ice. Much of the moraine had fallen into the crevasses, and the only indication 
of the former series of banded moraines was the presence, here and there, of a faint tinge 
of color on the broken ice surface. Our attempts to climb upon the broken ice to a point 
where we could photograph from approximately the same position which we occupied 
in 1905 were baffied by the intricate maze of crevasses which extended, in all directions, 
to the very edge of the inner bulb. 

The peripheiy of the inner bulb had been pushed forward a 100 yards or more, overrid- 
ing the granite gorge through which the glacial torrent emerged upon the interior flat in 
1905 (PL LVn, A,) and narrowing the interior flat somewhat. There was a notable thick- 
ening of the inner bulb also, but we had no means of determining the amoimt, though 
the front cannot have been less than 200 or 300 feet higher in 1906 than it was in 1905. 
The advance of the front of the bulb upon the interior flat was in the nature of overriding 
rather than a pushing forward of the ice beneath it, plainly proving that the ice beneath 
the flat was very thin. For this reason, the effect of the thrust was not communicated 
across the flat to the outer bulb, which remained the same in 1906 as it was in the previous 
year. 

One of the most notable changes brought about by the advance was upon the marginal 
drainage. By overriding the granite gorge the outflow of the glacial torrent at this 
point was checked and, for the time being, the interior flat was robbed of this, the greatest 
source for the alluvial deposits that had been accumulating in it. At the same time, 
naturally, the volume of tie glacial stream that outflowed through the ice gorge across 
the outer bulb was correspondingly diminished and, therefore, the principal source of 
water for the building of the western part of the great alluvi^ fan beyond the outer 
bulb was withdrawn. This alluvial fan, the largest in Russell Fiord, was notable not 
only for its size but also because its eastern half was covered by an alder thicket, while 
its western half, crossed by the branches of the stream just mentioned, was barren of 
vegetation, as is normal for growing alluvial fans in this region. The presence of alder 
thickets on the eastern half of the fan was interpreted as proof of changes of earlier date. 
First there must have been streams flowing over it in order to build it; then, by some 
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change in the locus of emergence of drainage, the water was withdrawn from the western 
half of the fan allowing the development of an alder thicket. The maturity of the alders, 
indicates that the change in conditions occurred not less than a quarter of a century 
earher. The cause for this change in drainage was inferred to be recession of the glacier, 
permitting a new point of outflow for the main drainage of the southern portion of the 
Variegated Glacier, and the natural inference was that this change was associated with 
the passage of the drainage through the granite gorge into the interior flat and thence 
out through the ice gorge upon the western margin of the alluvial fan. 

The accuracy of this interpretation was verifled in 1906, for then, by the closing of the 
granite gorge, the southern marginal drainage was forced to flow along the southern 
margin of the glacier and emerge upon the eastern side of the alluvial fan. This new locus 
of emergence turned the distributaries of the glacial torrent down over the eastern half of 
the alluvial fan, as it had doubtless done in earlier time, and the alder thicket was being 
inundated and destroyed. In one of our expeditions we were obliged to cross this part 
of the alluvial fan, fording dozens of muddy torrents, and we witnessed a stage in the 
destruction of the alder thicket from near at hand. The bushes were being submerged in 
ice-cold water and in the rapidly accumulating deposits of coarse gravel which the 
glacial torrent was unable to move further. Many of the bushes were uprooted and 
were being whirled off toward the sea; others were dying from the long-continued sub- 
mergence beneath the ice waters; and others were being killed by the deep burial of their 
roots beneath the accumulating gravels. All the bushes were in full leaf, proving that 
the change had occurred during the growing season of 1906. 

The Valley Portion in 1909, On oiu: visit in the summer of 1909, we found that the 
advance of the Variegated Glacier had entirely ceased, and that here, too, ablation had 
healed the surface so that travel over it was again possible (PL LV). The surface was 
still very rough, and there were many crevasses, but it seemed probable that one could 
go up the glacier as far as we went in 1905, though with mudi greater difficulty.^ We did 
not attempt this, though we went out to the center of the glacier, where it emerges from 
the moimtains, and obtained a clear idea of the condition both in its upper and lower 
portions. One photograph, taken from a point not far away from the place where the 
red moraine stood in 1905, shows the difference in condition very clearly. In 1905 there 
was a smooth, dirt-stained glacier surface, terminating abruptly in a wall of red mo- 
raine which rose on the down-stream side (PL LUI). All below this was a rough, 
moraine-covered ice surface with the concentric bands of moraine already described; 
above, all was smooth ice with the exception of an occasional crevasse and a few small 
moraine ridges. In 1909, on the other hand, the clear ice area extended down much 
farther (PL LIV), the banded moraines were gone, and the ice surface consisted of a 
confused series of elevations and depressions with many shallow crevasses. We foimd 
it necessary to select our route with care where in 1905 we could go in almost any 
direction with equal ease. But, different as the surface was from the condition in 1905, 
it was even more strikingly different from its condition in 1906. 

There are two other notable contrasts between the 1905 and 1909 condition of this 
glacier. In the former year there were marginal valleys where the glacier emerged from 
its mountain valley; but in 1909 these were gone and the ice was in contact with the 

1 In 1911 a Boundary Survey party went up Variegated Glacier to its very head and found no difliculty 
whatever in traveling over the surface which was impassably crevassed in 1906. 
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mountain wall without intervening depression. Eurther, the ice was perceptibly higher 
than in 1905. We could not determine the exact amount of thickening, though it was 
certainly not less than 100 feet where the glacier passes out from its mountain valley, 
but the ice surface was not so high as it was in 1906. 

Banded Moraines on Expanded Bulb in 1909. The most noteworthy change in condi- 
tion of the Variegated Glacier in 1909, as compared with 1905, was that the fine colored, 
banded moraines that in the former year covered the ice between the interior fiat and the 
mountain valley were now gone. We could no longer trace the former succession. 
The pui^ile and green moraines were entirely destroyed, and the other moraines were 
so disordered and displaced that we could no longer correlate them with the moraines 
of 1905; but ablation was at work covering the ice surface with new moraines of different 
kind and color (Fig. 8). 

We crossed this glacier from the north side near the mouth of the mountain vall^ 
to the interior flat. There was abundant evidence that the glacier had been profoundly 
broken, but it was, nevertheless, a matter of unceasing astonishment that in so short 
an interval ablation had so effectually healed the broken glacier surface. Where the 
moraine cover was not thick enough to protect the ice, its surface was thrown into a 
series of great waves, 50 to 75 feet high, with the areas of greater crevassing mainly 
in the depressions. In addition, there were many smaller ice ridges and hummocks, 
aU much rounded by ablation. 

The area of clear ice extended far down below its former position, apparently a mile 
or more, and the pronounced red moraine thdt formerly rose as the lower border of the 
clear ice had apparently been carried bodily forward and incorporated in the ice. A 
small area along the northern margin, which was not profoundly affected by the advance, 
was still stagnant and retained a series of banded moraines; but everywhere else inside 
the interior flat the old series of variegated moraines, from which the name of the glacier 
was derived, had been destroyed. In their place an entirely new set of wholly different 
character and arrangement had begun to develop. On the southeast side a band of white 
granite moraine appeared, but it did not swing out into the ice in crescentic^orm. Then, 
after an intervening area of clear ice (PL LVI), a band of black hornblende moraine 
swept in a great crescent far across the ice bulb, which was here expanded beyond the 
mountain front. This morainic crescent was not complete, being most pronounced toward 
the sides and dying out completely near the center, where in its place was a red gneiss 
moraine much thinner and less pronounced than the one of black hornblende. 

Both on its inner and outer face the black hornblende moraine rose about 100 feet 
above the clear ice. This gives a rough measure of the extent of ablation on this ice 
surface since 1906, for it is not to be supposed that the moraine had any notable initial 
elevation during the crevassing and forward motion of the ice. Although it is true that 
the ice under the ridge has also been somewhat lowered, it has been much protected by 
the d^ris, and in the meantime the clear ice has been lowered over 100 feet. Therefore, 
since 1906, the general ablation in this section has been in excess of 100 feet, and this 
fact gives a basis for understanding the remarkable effectiveness of ablation in smoothing 
the broken surface. One very noteworthy fact was the shallowness of the crevasses, for 
in 1909 the bottoms of even the deepest were visible. It was evidently only the rigid 
upper ice that was broken, and the breaking, though extending down over 100 feet, 
probably did not much exceed ^00 feet. 
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Outside of the blaok moraine was a broad area of clear ice, which in time may give rise 
to a small interior flat, though possibly, as ablation proceeds, a suJEcient amount of in- 
corporated debris will be concentrated on the surface to prevent this. Beyond the 
area of clear ice, at the very edge of the broken portion of the glacier, and on its front, 
which rises above the interior flat, was a veneer of reddish orange moraine. This was 
apparently a mass of the old moraine cover pushed forward and mixed-up, at least such 
of it as has not been incorporated in the ice. All semblance of the former banding of 
moraine had disappeared and the only extensive morainic area in the broken portion of 
the glacier was this reddish orange moraine which covered the front of the inner bulb 
and a narrow strip back of it, — a total width of J to ^ mile of moraine-veneered ice, where 
in 1905 there were two miles or more of banded moraine. 

Excepting at the front of the bulb, near the interior flat, the morainic veneer was very 
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thin and unstable. Ablation was still rapidly in progress, even in the morainic area, but 
the debris cover was becoming thick enough and, over large areas, general enough so 
that the future rate of ablation wiU be materially checked. 

Aside from the sudden advance, sudden cessation of the advance, and subsequent rapid 
ablation, one of the most notable features is the development of the black moraine 
(Fig. 8), apparently the result in part of the re-establishment of contact with the 
black hornblende portals to the mountain valley, in part to the outward movement of 
the black hornblende lateral moraine that before 1906 had developed in the marginal 
gully at the mouth of the mountain valley. In earlier days, when the glacier was in 
contact with these walls, its currents carried the d6bris out far enough to give rise to the 
great crescent that forms the outer wall of the interior flat next Hubbard Glacier; but 
by the spasmodic rush of 1906, which again established contact with the black horn- 
blende slopes, the forward advance was so soon ended that the black moraine could not 
be ca.iied out nearly so far. It lies a mile or more from the crescent on the outer margin 
of the flat. Had the ice advance continued, and the glacier spread out in a broader bulb, 
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and overridden the interior flat, the new black hornblende moraine might have been 
pushed out as far as the old one. One may infer, that the old black hornblende moraine 
was not the result of a spasmodic advance similar to that of 1906, but either of a much 
greater advance of this character, or else of a continuous advance maintained for a con- 
siderable period of time. 

While the most striking feature of the Variegated Glacier in 1909, as compared with 
its condition in 1905, was the utter change in the moraines, there are other notable differ- 
ences. One of these was the absence of well-defined ice drainage and of large moulms; 
but these were developing. Another noteworthy point is the evidence of lowering of 
the glacier surface since the advance of !^906. This lijas already been discussed in our 
consideration of the effect of ablation in smoothing the broken glacier surface. It is alsa 
clearly evident by a comparison of the earlier photographs with the 1909 condition. 
For instance, we reoccupied the sites of 1906 photographs on the south side of the glacier,, 
and from there the lowering of the surface and change from a jagged surface to a rolling 
one was remarkable. Indeed, we estimate that it has amounted to at least 200 feet,, 
and probably as much as 300 feet in the part of the glacier lying beyond the mountain 
valley, though less within this valley; but whether all this lowering is due to ablation is 
not certain. It is probable that there had been some settling due to further flowage of 
the glacier after the thickening which the spasmodic advance caused. 

As compared with the Atrevida and Haenke Glaciers, while the main changes since 
1906 have been the same. Variegated Glacier introduces one point of notable difference. 
The two other glaciers have reverted to their former completely moraine-veneered con- 
dition, the only exception being in. the area of clear ice introduced in the Atrevida just 
outside the mountain front. But Variegated Glacier has not returned to its former con- 
dition, and the area of clear ice beyond the mountain front is greatly increased. A partial' 
answer to the question as to the reason for this difference is undoubtedly that originally 
there was less thickness of ablation moraine on the Variegated bulb, this being possibly 
due to the greater stability of the crystalline rocks of its mountain valley as compared 
with the fissile and crumbling sedimentary rocks which enclose the valleys of the other 
two glaciers. But this answer is only partial, for the Variegated bulb was almost uni- 
formly moraine-covered in 1905 and now it is not. This moraine has gonesomewhe re. 
It is not swallowed up in the crevasses, for the bottoms of most of them are visible; 
and the only conclusion that one can reach is that it has been carried forward. This, 
however, raises a new difficulty. Had the red moraine been bodily moved forward a 
mile, carried on the glacier surface while clear ice from above followed down behind it, 
the front should have moved forward approximately that amount; but it did not. To 
account for the increase in the area of clear ice, and the forward movement of the moraine 
cover without a pronounced advance of the glacier front, seems to us impossible of ex- 
planation on any other hypothesis than that clear ice from below has risen up here, and 
displaced and pushed the old moraine cover forward and to the sides, and that the trans- 
fer of ice and moraine has been accomphshed by thickening of the bulb rather than by a 
pronounced forward movement of the front. With reference to the valley part of the 
glacier this clear ice area had the same relative position as that of the Atrevida. It is 
possible that in these two cases we have an illustration of the same phenomenon and an 
explanation of the development of clear ice areas that afterward form interior flats. 

The Interior Fled in 1909. In 1909 we reoccupied essentially the same sites as those 
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•of our 1905 and 1906 pictures, looking across the interior flat to the Variegated ice bulb. 
As compared with 1905, the front of the glacier where it rises above the interior flat was 
much higher, steeper, and more irregular; but as compared with 1906 it was both lower 
and much smoother. The serrated crest and steep glacier front, greatly broken by 
orevasses in which clear ice appeared in 1906, had by 1909 slumped into an undulating 
moraine-covered slope (PL LII) up which we could easily climb. We cannot tell exactly 
how much change had taken place, for it was impossible to occupy exactly the same 
photographic sites as in previous years, owing to slumping of the moraine from which 
our earlier pictures were taken; but there had certainly been a change amounting to 
scores of feet. Throu^out this ice face it is evident that the morainic veneer is thin,, 
excepting near the ice base to whidb much d6bris has fallen. 

The most noteworthy fact with regard to the ice condition here is the evidence that 
when we observed the Variegated Glacier in August, 1906, it had advanced approxi- 
mately to its maximuTn. Not only did the advance not affect the black hornblende mo- 
raine on the outer side of the interior flat, but it produced no further effect on the interior 
flat. Thus in an interval of less than a year an utter transformation of V ariegated Glacier 
occurred, breaking its surface, thickening it, and causing some advance, but not affect- 
ing the outer stagnant portion. Since 1906 there had been no notable recession of the 
broken front, for willows grew right up to the base of the moraine; but recession would 
hardly be expected here, where moraine was still sliding down the steep front and form- 
ing a protecting talus at its base. 

The granite gorge visible in 1905 was still covered by the glacier, butmore water emerged 
from this portion than in 1906, though not nearly so much as in 1905. Evidently the 
subglacial drainage was ag^ developing, and we may with safety predict a reoccupation 
of this area by a large glacial stream. There was no noteworthy difference in other parts 
of the interior flat and the description of its condition in 1905 and 1906 still applied to it. 
There was a fair-sized stream from the north side, apparently of about the same size as 
in previous years, but more water than in 1906 crossed the flat from the ice front and es- 
caped through the gorge in the outer glacier to the sea. 

The Outer AUuvial Fan in 1909, In 1909 we again visited the huge alluvial fan of the 
Orange and Variegated Glaciers, whose alder cover in 1906 was being destroyed by the 
floods of icy water and gravel that swept down the eastern half of the alluvial fan. The 
glacial torrent still emerged from the southern margin of the Variegated Glacier, appar- 
ently in nearly as great a volume as in 1906, but its course was now shitted to the central 
and western sides of the alluvial fan. Before its course was shifted, however, ithad accom- 
plished great destruction in the alder-covered zone. There was some alder left, notably 
a band on the eastern margin of the fan and a V-shaped wedge out toward the middle; 
but fully half the alder cover had been destroyed, and the alluvial fan surface was littered 
with uprooted alder bushes which had been washed down-stream and become stranded, 
some of them again taking root in the gravels in which they were embedded. Some of 
the alder still standing in place was partly buried by a deposit of a foot or more of coarse 
gravel, and some had been killed by deposit without being uprooted. Since we saw 
the alder stiU growing in the midst of the muddy distributaries in August, 1906, the 
season when the destruction began, and since much alder had been removed before 1909, 
we assume that the destruction continued throughout the season of 1907 and possibly 
into 1908; but in 1909, for a time at least, the destruction of the alder here had ceased. 
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The great volume of water involved in this work of destruction is clearly shown now by 
the network of small and large channel scars which extend across the formerly alder- 
covered part of the fan as well as by the score or two of streams which had to be forded 
in crossing the alluvial fan in 1906. 

Banded Moraines Outside the Interior Flat in 1909. In general features the outer banded 
moraines of the Variegated Glacier bulb beyond the interior flat were in the same condi- 
tion as in 1905. It is certain that the thrust from the advance of the Variegated Glacier 
did not affect this stagnant portion of its bulb in the least. In our excursions over it 
several observations in addition to those of previous years were made. Perhaps the 
most important of these was the clear indication of the presence of ice under even the 
outermost portion of the western edge, nearest Hubbard Glacier, and only a few hundred 
feet from the sea. While ice was not actually seen here, there was a small pond of cold 
water milky with sediment, such as could only come from ice, and on its shores were 
areas of fresh slumping clearly indicative of the presence of ice beneath. 

Farther back from the fiord there was increasing evidence of the presence of ice,both in 
the amount of slumping and in the condition of the vegetation. Over most of the black 
hornblende moraine there were abundant small areas with no vegetation whatsoever. 
Then came little clusters of flowering plants, or equisetae, or grass, or willows from one 
to five years old; and now and then a large willow bush or even a cluster of them. 

Marginal Drainage, The drainage condition is noteworthy. The northern mar- 
ginal drainage followed the ice edge for a while, then cut across a part of the glacier 
in a narrow ice valley, then expanded over a broad interior flat, which rested on glacier 
ice and was completely bordered by ice except in the two gorges, one at the point where 
the drainage entered it, the other at the point where it left the interior flat. On this flat 
the stream was depositing much of its sediment; it then emerged from the interior flat 
through a gorge cut across the outer bulb of the glacier, and finally entered the sea over 
the large, partly alder-covered alluvial fan. In 1905 a still larger stream and perhaps 
practically the whole drainage of the Variegated Glacier and of Orange Glacier entered 
this flat and joined the north stream just above the outlet gorge. It is a most excep- 
tional drainage condition, and the deposits left here when the ice melts out from beneath 
them will be complex and peculiar. There were no visible changes in drainage or moraine 
distribution by June, 1910, though time was not available for a re-examination that year. 

» 

' Oeangb Glacieb 

General Description, Immediately east of Variegated Glacier is a broad valley occupied 
by a glacier somewhat more than a mile in width, which terminates close by the southern 
margin of Variegated Glacier in a low, gently-sloping ice front which on the northern side 
barely coalesces with the Variegated Glacier. From this front the Orange Glacier rises 
with moderate slope, varying from 5 to 15 degrees, though rarely attaining so steep a slope 
as the latter, finally reaching a broad, flat divide at an elevation of about 2500 feet. The 
divide area is above the snow line and from it the ice descends not only westward to form 
the Orange Glacier, but eastward towards Nunatak Fiord to form an unnamed glacier, 
to which reference will be made in the next section. The valley that this glacier occupies 
is therefore a through valley, and the glacier is a typical, though small example, of a 
through glacier. 

The Orange Glacier surface is smooth and relatively free from crevassing, the few 



VARIEGATED, ORANGE AND BUTLER GLACIEES 


127 


crevasses nowhere interfering with free travel over the ice surface. Prom this it is in- 
ferred that the glacier is moving very slowly. Much of the surface is darkened by filie 
morainic debris, but, excepting at the margin and in the narrow bands in the middle, there 
is no continuous morainic cover. In fact, when viewed from a distance, the glacier has 
the appearance of being entirely free from moraine, with the exception of medial and 
lateral moraines. No large tributaries to this glacier are visible, and it is certain that 
none but small tributaries enter from the south, for on this side there is only a narrow 
range of mountains with peaks that rise but six or seven thousand feet. There is a 
possibility that several tributaries of medium size enter from the north, and one tributary 
is shown in a Boundary Survey photograph of 1906. There can hardly be any large 
tributaries from this side, because the Variegated and Butler Glaciers head back in 
the mountains to the north, and so near as to cut oflP any possibility of long feeders to the 
Orange Glacier. The slight motion in the Orange Glacier is further indication of the 
absence of large tributaries. It was, therefore, suggested in the report of the 1905 and 
1906 expeditions that this was in reality a wasting through glacier, a remnant of a former 
greater through glacier which crossed this divide from Nunatak Fiord to Russell Fiord 
in the neighborhood of Hubbard Glacier. In our expedition of 1909 we saw no reason 
for questioning this hjqjothesis, nor did we discover any additional facts bearing upon it. 

Contrast with Variegated Glacier. Orange Glacier is of special interest from two differ- 
ent standpoints, both of which may be made clear by contrast with the conditions in 
Variegated Glacier. The first of these contrasts is the difference in the general charac- 
teristics of the two glaciers. The Variegated Glacier winds down through a deep moun- 
tain valley, then, emerging from its valley, spreads out at the mountain base in a broad, 
expanded piedmont bulb. Orange Glacier, so far as we have seen it, is a broad, slowly- 
moving, through glacier spreading down in both directions from the divide area. This 
through glacier terminates on each end without any not^-ble expansion and without any 
considerable area of ablation moraine. There also seems to be a distinct difference 
in the source of the ice of the two glaciers. That giving rise to the Variegated Glacier 
is derived from snow slides and numerous, short, tributary glaciers from the steeply- 
enclosed mountains. The ice supply for Orange Glacier is also partly derived from the 
sliding of snow and the descending of short tributaries from the enclosing mountains, 
but a considerable portion of the supply, and perhaps the major part of it, is the snow 
that accumulates on the broad, flat divide from which the ice descends eastward and 
westward. 

The second noteworthy difference between the Orange and Variegated Glaciers is in 
their behavior during the period of observation. Variegated Glacier, was subjected to a 
spasmodic advance by which its surf^e was broken from as far up the mountain valley 
as we coiJd see, far down into the stagnant piedmont bulb, but before 1909 it had 
ceased to advance. Orange Glacier, on the other hand, was in the same condition in 1906, 
as it was in 1905, and in 1909, 1910 and 1913 its condition had not changed. If this 
glacier is a wasting through glacier remnant there would be no reason to expect an ad- 
vance in response to the earthquake shaking of 1899. If its ice supply comes mainly 
from the downsliding of snow and from short mountain tributaries, we should have ex- 
pected some advance before 1910. The fact that there has been no such advance sup- 
ports the interpretation of the origin of this glacier cited above. The only alternate 
hypothesis to account for the failure of this glacier to respond to the influence of earth- 
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quake shaking is that it is supplied by a long glacier from the north, which, flowing out 
upon the broad divide area, distributes its ice both to the east and to the west, and 
whose length is so great that the response to the earthquake shaking has not yet reached 
the two distributing arms. This does not seem probable to us. 

Butlee Glaciee 

Oeneral Description. Back of the low mountain range on the north side of Nunatak 
Fiord lies the east end of the Orange through glacier. This was not visited in 1905 or 1906 
and the exact conditions were misinterpreted. It was then thought that the eastern 
end of the Orange through glacier expanded beyond the mountain front in a broad, 
moraine-covered piedmont ice bulb. In 1909 we discovered that this eastern end of the 

glacier actually terminates well 
within the moimtain valley in a 
steeply-rising, moraine-covered ice 
front. This fact is further indica- 
tion that the Orange through gla- 
cier is weak and is supplied from 
no very extensive sources. Other- 
wise it would necessarily extend at 
least to the end of its mountain 
valley. The eastern terminus of 
this glacier is evidently essentially 
stagnant, and its position is not 
materially different from what it 
was in 1905. 

The moraine-covered piedmont 
ice bulb that was interpreted in 
1905 and 1906 as an extension of 
the eastern end of the Orange 
through glacier was in 1909 found 
to be the piedmont bulb of Butler 
Glacier (Fig. 9), which descends 
from the mountains to the north. 
The Butler Glacier has not been studied within its mountain valley, and its conditions 
are, therefore, not known, but that it has considerable length, and a fairly-extensive sup- 
ply 9 IS indicated by the fact that it has been able to push itself out beyond the mountain 
front, whereas the much larger Orange Glacier has not been able to do so. In the view 
up the valley which we obtained we saw one good-sized hanging tributary and we also 
saw clear ice within the mountain valley. 

The Butler Olader Bulb, The part of Butler Glacier beyond the mountain front 
possesses features of distinct interest It spreads out in a stagnant bulb completely 
across the Orange Glacier through valley, and is separated from the Orange Glacier by a 
weU-defined depression, though it is possible that in this depression, which we did not 
visit, the two glaciers coalesce^ From this expanded bulb a good-sized glacial stream 
emerges and flows through a broad, deep gorge (PI. LVII, B) cut in well-assorted, strati- 
fied gravels which rise almost vertically to a height of fully 100 feet Beyond this gorge 
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the stream divides into many branches over an alluvial fan which it is building out into 
the fiord. There is a large area of gravels to the southeast of the expanded ice and 
gorges cut in them show clearly that they form a thick deposit. One gorge, in particular, 
now no longer occupied by the stream, has in front of it a well-defined alluvial fan. This 
abandoned gorge and fan prove clearly that there have been important changes in the 
drainage along the front of the ice bulb of Butler Glacier. Even more noteworthy in 
this connection is the fact that the upper surface* of the gravels is fluted, by glacial erosion, 
has a thin moraine veneer, and is crossed by stream channels. At two points there are 
well-defined stream-bed deposits in anastomasing channels, showing that at a previous 
stage glacial drainage cut across these gravels at an elevation of 100 feet above the 
present stream. This stage of drainage was probably at the time when the glacier ex- 
tended further out to the heads of these channels which are now cut off by the develop- 
ment of the gorge cut in the gravels. 

Between this part of the gravel terrace and the sea is a range of low, hummocky hills 
rising to an elevation of from 100 to 175 feet, which is undoubtedly a stagnant morame- 
covered ice block (PL LI, B), entirely disconnected from the Orange Glacier, so far as we 
could see. In a part of this moraine nearest the glacier, and on the margin of the gorge 
cut by present-day drainage, buried ice was revealed in the cliff face. The section here 
from base to top is as follows: Just above the alluvial fan, stratified gravels rise to a 
height of 25 feet; above this are 50 feet of ice; and, on the top, till moraine 8 feet deep. 
The moraine-covered ice area extends down to within an eighth of a mile of the sea; but 
it grows lower toward the sea and encloses in a semi-circle an area where there is no 
ice. Throughout the surface of this moraine (a. Fig. 9) there is slumping of the soil, 
cracking of the ground, an abundant outflow of cold water, all clear indications of the 
presence of buried ice; and at one point, a few hundred feet south of the ice cliff already 
mentioned, ice was discovered by digging to a depth of about 2 feet at the base of the 
slumped surface. Even the outer face of the moraine has little vegetation and a tumbled 
appearance, indicative of recent sliding of the moraine through undermining. Over a 
large part of the surface of the moraine there is a moss growth; and willow bushes, 5 
to 10 years old, are scattered over the entire area; but many are overturned by the 
sliding of the soil. 

The inteipretation of these conditions is not diflBicult. At some earlier stage a series 
of gravels were deposited here, which continue nearly up to Nunatak Glacier, everywhere 
showing evidence of overriding by the glacier, which, though it failed to remove them, 
fluted the surface into terrace form and left upon it a morainic veneer. These gravels, 
apparently contemporaneous with others in Russell Fiord, antedate the last great advance 
of the glaciers of the Yakutat Bay region when Nunatak Glacier extended through 
Nunatak Fiord and even far up RusseU Fiord, When the Nunatak Glacier receded 
past the mouth of the Butler Glacier valley, Butler Glacier expanded in a broad piedmont 
ice bulb over the entire area between the mountain base and the fiord. This bulb became 
covered with ablation moraine over a large part of its surface, but a clear ice area existed 
between the present piedmont area and the stagnant moraine-covered area just described. 
This clear ice area has completely melted, and by reason of this fact, together with erosion 
by the glacial stream, the outer moraine-covered ice area is now completely separated 
from the glacier which gave it birth. We have here apparently the last stages in the 
0 
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destruction of an interior flat area, similar to, though smaller than, that existing in the 
Variegated Glacier bulb. 

In 1905 the Butler Glacier presented no evidence of recent advance that we recognized, 
though it is possible that it may have undergone a transformation similar to that of the 
Galiano Glacier. Such a change, followed by healing through ablation similar to that 
on the Galiano Glacier would not have been recognized by us in the absence of previous 
observations or photographs for comparison. There certainly has been no notable ad- 
vance and breaking of this glacier between 1905 and 1910, for any distinctive change 
would have been recognizable in our photographs. We may, therefore, assume that 
unless this glacier passed through a cycle of advance due to the 1899 earthquakes prior 
to 1905, it has not yet entered upon it. 

Obs&rvaiions in 1910 and 1913, In 1910 and 1913, the junior author made distant 
observations of Butler Glacier from near Nunatak Glacier. It was observed that there 
was an area of outwash gravels in the depression between the eastern end of Orange 
Glacier and the piedmont area of Butler Glacier. 

As far as visible up its mountain valley Butler Glacier is clear of d6bris. It appeared 
crevassed in the valley portion in 1910 where no particular crevassing was observed in 
1905 or 1909, but there was no increase m this area of crevassing from 1910 to 1913. 
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Nunatak Glacier 

General Descrvption} As in the case of aU the larger glaciers of this region the name 
was given by Russell. He saw this glacier in September, 1891, from Cape Enchantment, 
opposite the mouth of Nunatak Fiord and says ^ that “near where it enters the bay it is 
divided by a rounded butte of bare rock that rises through it like an island and that 
suggested the name ‘Nunatak Glacier,’” A nunatak in Greenland is a mountain peak 
risiug above the glacier, which surrounds it, and Russell speaks of this in another publica- 
tion® as “a rounded dome of rock which rises through the ice and forms a nunatak.” 
If the nunatak had this appearance in 1891 both of the tongues of the glacier must have 
extended much farther than they did in 1905; but from Russell’s distant point of view he 
might well have thought the hill surrounded, even though the two tongues fell short of 
junction by a considerable amount. When mapped By the surveyors of the Canadian 
Boundary Commission, in 1895, the glacier terminated in two tongues, or distributaries, 
the northern and larger one ending in a sea cliff (Pis. LIX, LXVIII), the smaller, south- 
ern one on the land in a valley south of the nunatak. The glacier is stiU in this con- 
dition (Map 4, in pocket), though there has been material recession in each of the dis- 
tributaries. 

From the top of the nunatak one sees that at a distance of three or four miles from the 
sea two large tributaries unite to form the lower portion. The southern tributary heads 
upon a broad, flat, snow-covered divide, beyond which, according to the prospectors, 
the ice descends eastward toward the Alsek valley (PL LVIII). There is certainly an 
open valley without lofty mountains, in this direction. It is, therefore, a through glacier, 
and in 1898 it was traversed by prospectors as a highway to the Alsek. The Boundary 
Survey map indicates also a branch through a valley leading southward to the Hidden 
Glacier, but this is hidden from sight from the places where we obtained views of the 
glacier. We cannot tell whether the southern tributary of the Nunatak Glacier receives 
any notable tributaries, but the absence of medial moraine upon its surface indicates 
that there are no such tributaries. There is a well-defined lateral moraine on the south 
aide, and another on the north side. The latter joins the south lateral moraine of the 
north arm and forms a prominent medial moraine on the lower glacier below the junction 
of the two tributaries. That the southern arm receives no notable contributions from 
, tributaries is also indicated by its weakness, for the northern arm pushes over into its 
territory; it is failing to continue to supply the land tongue of the glacier with ice, and 

1 See Tarr, R. S. and Martin, Lawrence, Glaciers and Glaciation of Yfdoitat Bay, Alaska, Bull. Amer. G^g. 
Soc., Vol. XXXVm, 1900, pp. 149-160; Tarr, B. S., The Yakutat Bay Region, Alaska, Professional Paper 
04, U. S. Geol. Survey, 1909, pp. 64-68. 

> 13th Ann. Rept., U. S. Geol. Survey, pt. 11, 1892, p. 86. 

* Glaciers of North America, Boston, 1897, p. 96. 
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its surface is not greatly crevassed. The most crevassed part is in a marginal area just 
east of the nunatak where the conditions that cause crevassing will be explained later. 

The northern arm, on the other hand, is very vigorous and is made by the union of at 
least three good-sized tributaries, and probably more. Two of these are visible from the 
crest of the nunatak, and a third is seen from the mountain side southwest of it. They 
are also indicated by the two prominent medial moraines which sweep down the central 
portion of this glacier, and the probability of other tributaries is inferred from the fact 
that far up the valley there are five medial moraine ribbons. Of the three large visible 
tributaries which combine to make this arm the southernmost is apparently a through 
glacier, like the south arm, leading over to the Alsek valley, across a broad, flat, snow- 
covered divide from which the ice flows in both directions. The central tributary of 
the north arm comes down as a winding valley glacier of large size from among a distant 
group of high mountains that lie to the northeast. From the sea to the head of this 
valley cannot be less than 15 or 20 miles. The northern tributary, which is apparently 
much the largest and most active of the three, comes from the northwest, and all but 
the very lower portion is hidden from view behind the mountain wall of the north side 
of the Nunatak valley. There are some -very lofty mountains here, and doubtless nu- 
merous tributaries descend from them. This arm of the Nunatak Glacier reaches back 
to the sources of the Hubbard Glacier as a through glacier. 

Thus, while we do not know even the general features of the upper part of the Nunatak 
Glacier, we do know that it is a long glacier fed by several large contributing glaciers, 
and that it must rank as one of the largest glaciers of the region. That the glacier is 
actively moving is inferred from its profoundly-crevassed condition from its sea face 
(PL LIX) as far up the northern arm and its tributaries as we can see. It is, however, 
much smaller and less active than the Hubbard Glacier. The surface slope is moderate 
and the snow line fully ten miles from the sea, so that a very large area is exposed to 
ablation, but not enough to cover the lower end of the sea tongue with moraine. The 
snow line seems to lie higher on this glacier than on the Hubbard, probably because of 
the sweep which the ocean winds have across the two broad gaps leading toward the 
Alsek valley. 

There is a pronounced lateral moraine on the north side of the northern arm, and 
another on the south side just above the junction of the north and south arms, which 
contributes to the medial moraine already mentioned. There are also two winding 
medial moraines which are pushed first to the east by the incoming of the northwestern 
tributary, then to the west by the incoming of the eastern tributary; then, after flowing 
medially down nearly to the junction of the two arms, these moraines are again turned at 
right angles toward the west and thence they extend to the sea (PI. LX, A) near and 
parallel to the medial moraine formed by the junction of the north and south arms. The 
two medial moraines o!f the north arm are gray in color, while that made by the union of 
the two arms is black, suggesting that the mountain at whose base it is formed is made 
of black hornblende gneiss. That the northern arm is far the stronger of the two is cer- 
tain from the course pursued by the three medial moraines, which show the ice currents. 
While they are turning westward they are also extending out across the southern arm; 
and the medial moraine made by the union of the two arms reaches a point nearly oppo- 
site the center of this arm before it is completely turned. It enters the sea in the 
southern quarter of the glacier. , We, therefore, infer that, at most, the south arm of 
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the Nunatak Glacier suppKes ice only for the land tongue and for not more than a quarter 
of the sea tongue. 

Below the union of the two arms the united trunk glacier flows on for two miles or so, 
then splits on the east end of the nunatak into two distributaries, the land tongue and the 
sea tongue. The nunatak against which the glacier splits is a double-crested gneiss hiU 
about 2 miles long and 1440 feet high at the highest point. It is extended westward by 
a low spur, or tail, of weaker schist and slate with the fiord on one side and a shallow ice- 
eroded valley on the other. The eastern end of the nunatak, which is somewhat lower 
than the centre of the hill, gradually narrows and finally descends beneath the glacier; 
but a crevassing of the ice in this direction may represent subglacial continuation of this 
hill eastward. Thus the nunatak and its ice-covered extension protect the land terminus 
from the thrust of the powerful north arm of the glacier, and tend to confine its supply to 
the south arm. 

The Land Tongue, or SmaUer Distributary. Gilbert photographed this tongue from 
two points, and Gannett mapped it as a distributary of the Nunatak Glacier. But in 
his description of the glacier Gilbert says ^ “In the hollow separating this knob (the 
nunatak) from the south wall lay a mass of ice of xmcertain relations. It was seen only 
from the west, and was supposed to be a tongue or distributary arm of Nunatak Glacier. 
The fact that it lay several hundred feet higher than the tidal arm has raised doubts as 
to the correctness of the first impression, and I now suspect that it was only the remnant 
of a former arm of the glacier, stranded as a motionless and slowly-wasting summit mass. 
On the map of the Canadian Boundary Commission (1895) it is represented as a distribu- 
tary of the glacier.” Our observations and photographs prove clearly that it is a dis- 
tributary, branching from the main glacier (PI. LXI, A) at a sufficient elevation to per- 
mit of its extension down a valley higher than that of the sea tongue, and its termination 
at a level above that of the tidal end. 

This distributary of Nunatak Glacier has suffered very material change since it was 
described and photographed by Gilbert in 1899. In 1905 the ice surface was smooth, 
with a slope of about 5®, increasing to 10° at the front, and there was no notable crevassing. 
On the nimatak side there was a small but well-defined lateral moraine, but on the southern 
side the lateral moraine was very broad and irregular and rose in places 75 feet above the 
glacier surface. It varied greatly in breadth, being broadest where large amounts of 
d4bris had fallen from the mountain wall, and particularly just where the distributary 
leaves the main valley. The fact that this fallen d6bris was not moved on to form a more 
regular band of lateral moraine testifies to the stagnant condition of this ice tongue. 
For a considerable distance from the valley wall the glacier was hidden beneath this 
moraine, which, though only a thin veneer, so irregularly protected the under ice that 
it had a hummocky topography. Recent extension of the glacier front westward was 
proved by the presence of this moraine-covered ice out beneath the Cascading Glacier. 
In 1909 ice still existed beneath this latercd moraine, which projected beyond the glacier 
front. The ice was protected from melting by the moraine which covers it and by the 
ice block talus that has fallen upon it from the Cascading Glacier, which is perched on 
the mountain slope above it. 

Between the lateral moraines the ice surface was smooth and uncrevassed and evi- 
dently stagnant. The ice was rapidly melting, and numerous short streams coursed over 

1 Glacier? and Glaciation, Harriman Alaska Expedition, Vol. 8, 1904, pp. 01-62. 
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it and fell into moulins. The lower half of this distributary was stained with a thin 
film of debris, increasing in amount toward the end. The film formed a general sheet of 
clay and sand with some pebbles and bowlders, but was not thick enough to completely 
hide the ice. The finer material was being carried off in the streams. Here and there 
were pyramids of debris, with ice cores, varying in height from an inch to 6 or 8 feet, 
evidently on the site of earlier depressions in which the debris had gathered to later be 
etched into relief because of the protection against ablation which they gave to these parts 
of the wasting glacier surface. There were also numerous short ridges of similar character 
marking the sites of former crevasses. The outer edge of the glacier thinned down so 
that we could not determine its exact position. This edge was not covered by ablation 
moraine, but in places was buried beneath stratified deposits laid down by the water 
which escaped from the melting glacier. Some of these deposits were laid down in a 
temporary marginal lake, some as alluvial fan deposits; and all were laid down since 1899, 
for they occupied the site of the glacier end as photographed by Gilbert in that year. 

A good sized stream emerged from the glacier front and flowed through the depression 
in which the stratified deposits lay, then entered a deep gorge in the friable slates and 
schists, which turns at right angles across the tail of the nunatak (Kg. 10; PL LXIH). 
Gilbert’s photographs prove that in 1899 the glacier front extended into this gorge. 
After emerging from the gorge the stream spreads out in numerous branches over 
an alluvial fan which it is building in Nunatak Fiord, at the western |)ase of the 
nunatak. We have been puzzled to explain this gorge for, from Russell’s description 
of the condition of Nunatak Glacier, it seems certain that, even though the two arms 
of the glacier may not have been actually united in 1891, the land arm must surely 
have covered at least the upper part of the gorge in order to give him the impression 
that the hill was a nunatak. The gorge is certainly too broad and deep for the work 
of such a glacial stream in the 14 years between 1891 and 1905. It may of course 
be the product of stream work before the last advance of the Nunatak Glacier, or it 
may in part have resulted from subglacial stream erosion when the land tongue ex- 
tended down beyond the western end of the nunatak. 

As compared with the condition in 1899 the land arm of Nunatak Glacier in 1905 was 
notably different in several respects. Both lateral moraine areas had broadened consid- 
erably, thus reducing the area of clear ice. At the same time, the extent of debris- 
stained ice between the lateral moraines had increased, evidently as a result of the lower- 
ing of the glacier surface, which was very noticeable by comparison with Gilbert’s photo- 
graphs. The glacier surface of 1905 was certainly as much as 100 feet lower than it 
was in 1899, and its front had receded not less than two or three hundred yards. 

In 1909 we found evidence of the continuation of the same changes (PL LXI, B). 
There had not been a very great recession of the front, although there had been some, 
but the glacier surface was very much lower and the lateral moraine areas were still 
broader and more in relief than in 1905. The very outermost edge of the glacier was a 
low, flat sheet of d4bris-stained ice (PL LXII, A). This distributary is evidently a 
d 5 dng end, no longer in motion, and, unless an advance begins, its rate of recession 
and period of ultimate destruction will depend entirely on the rate at which ablation 
can remove the ice; and this rate, though not known quantitatively, is certainly very 
rapid. A few decades should destroy this tongue if no advance comes in the meantime. 

There is evidence that it has been steadily receding for a long time. Far out beyond 
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the position of its 1899 terminus the hill and valley surface consists of patches of bare, 
grooved, and polished rocks which frost action has not had time to roughen greatly, 
alternating with gravel and moraine areas in which the vegetation is young. It cannot 
have been many decades since this tongue pushed out far enough to have united with the 
tidal arm of Nunatak Glacier. It is possible, though not probable, that it did so in 1891 
and it is unfortunate that Russell did not obtain near enough views of this glacier for 
us to know its position with certainty. The Canadian Boundary survey photographs 
show the hill as a semi-nunatak in 1895, with the land tongue occupying the head of 
the gorge. The first photograph showing its position from near at hand was taken by 
Gilbert in 1899, but we found in 1909 and 1910 some 
evidence for the preceding year. Ill 1898 some 300 
prospectors passed over the Nunatak Glacier highway 
to the Alsek valley, and some returned by this route. 

On their return they abandoned their outfits, presum- 
ably as soon as they were useless and at the point 
farthest down the glacier over which they could draw 
their sledges. Roughly, with an error of only a few 
yards, the places where we found these sledges and 
other relics would represent the position of the ice front 
in 1898. We found a half dozen sledges, several rusty 
Yukon stoves, some ice creepers, spiked boots, etc. (PL 
LXII, B), at a point a little less than a half mile west 
of the 1909 and 1910 ice fronts and just south of where 
Gilbert’s photographs show the terminus to have been 
in 1899. Aside from the improbability that men would 
draw sledges over bare rock (in the fall) and up hill and 
beyond the glacier terminus, the fact that the outfits 
were not being taken beyond where the ice ended in 
1898 is established by the presence of an impassable 
stream gorge between the positions of the sledges, which 
were in two groups, and the present glacier terminus. 

It is, therefore, concluded that the ice ended in 1898 pjg Ntoatak k 

about where the sledges were found and that the retreat i 90 fi, Showing Gobgh nhah 
of the land distributary between 1898 and 1909 has been Land-bndinq Akm. 
a little less than a half mile. 

In each of our five years of observation here, 1905, 1906, 1909, 1910 and 1913, we 
carefully observed the land tongue pf Nunatak Glacier but without finding any evidence 
of advance. Being a glacier distributary still connected with an active glacier, but itself 
stagnant, it would be very quick to show response to even moderate advance. The fact 
that we have not detected any advance, together with the evidence that there was pro- 
nounced recession between 1899 and 1905, is accepted by us as definite proof that as yet 
there has been no advance as a result of the earthquakes of 1899. In 1910 and 1913, the 
junior author observed a continuation of retreat of the land arm of Nunatak Glacier which 
was then not essentially different from the 1909 condition except in the thinness of the 
terminal feather edge. The moraine to the right of it seemed to stand slightly higher in 
relief in 1910 than the year before, as comparative photographs showed. 
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This south distributary was traversed eastward to the very end of the nunatak to make 
sure of the contact with the tidal distributary, which changed so much between 1909 and 
1910. The snow line was very low at the time of this journey, June 17, 1910, reaching 
practically to the end of the land arm. Nevertheless long strips of glacier surface had 
been bared by the wind, and the snow was nowhere very deep, so it was clearly evident 
throughout the journey that there had been no change in this arm of the glacier since 
1905 and 1909, except lowering by ablation. The hard coarsely-crystaUine ice was not 
at all crevassed. 

From the extreme end of the mmatak, which we had not visited before, it was plain 
that the area of crevassing that extends southeastward from the nunatak is of a somewhat 
different nature than more distant views had led us to infer. It is not an elongated dome 
of crevassing which we have thought was wholly due to the exposure of the continuation 
of the rock ridge of the mmatak. Instead it is a crevassed northeast edge of the more 
stagnant arm of the glacier and in 1910 stood several hundred feet higher than the 
crevassed surface of the tidal arm which flows to the fiord. The crevasses are in gigantic 
steps descending northeastward and breaking the edge of the stagnant arm. Evidently 
during the two and a half mile retreat of the tidal distributary, between 1891 and 1909, 
its surface has been lowered faster by ablation and flowage combined than the stagnant 
arm, where ablation works alone and where the retreat was only a half mile or so. The 
north edge of the stagnant portion is, therefore, breaking because of removal of support 
and is perhaps preparing to flow later into the tidal distributary instead of the smaller 
arm south of the nunatak, down which it discharged in former times. The rock ledge 
continuing the nunatak is doubtless here as we have hitherto inferred, but the lower 
ice on the north side seems primarily responsible for permitting the crevassing. 

The Sea Tongtie, or Tided Distnbviary. The tidal distributary of Nunatak Glacier, 
which is far larger than the land tongue, though not now extending so far west, is greatly 
crevassed from side to side. When visited by us in 1905 and 1906 the sea face was 
less than a mile, wide, ending in a deep fiord bordered by precipitous mountain walls 
against which rested narrow lateral moraines which projected slightly farther than the 
ice front, especially in the case of the narrower south moraine. There were three medial 
moraines and almost no other debris on the glacier. The ice front, which rose precipL 
tously for over 200 feet, projected farthest in the middle, and discharged icebergs almost 
constantly, the iceberg waves giving rise to violent surf which was doing important 
wave-erosion work on several miles of adjacent coast. The icebergs, mostly free from 
debris and including masses that rose 20 to 30 feet out of the water, were less numerous 
than those from Hubbard and Turner Glaciers. 

Two streams emerged from the glacier below sea level, each about 200 yards from 
the glacier margin, giving rise to swirling currents of muddy water which kept floating 
ice away from the sea cliff, except just after an iceberg fallj The northern stream, 
which was the larger, showed its influence for over a mile. Between the streams there 
was a mass of floating ice close to the glacier front. These streams were thought to 
be accumulating a large deposit of sediment beneath the waters of the fiord. 

Recession of the Tidal Distributary, As in the case of the land tongue of Nunatak 
Glacier, the tidal distributary furnishes clear evidence of notable recent recession. 
Bussell's description in 1891 indicates that the glacier was much farther out, and the 
general absence of vegetation on the margin of the fiord, as well as the freshly-smoothed 
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and polished rock surfaces, both on the nunatak and on the mountain slopes, are con- 
vincing evidence of recent great recession. The first definite evidence as to the position 
of the ice front is furnished by the Canadian Boundary Commission inap, based upon 
photographs made in 1895. In June, 1899, Gilbert made photographs of the tidal end 
of the Nunatak Glacier, and Gannett made a map showing its position (PL LXIX, B). 
From Gilbert’s photographs and Gannett’s map, compared with the Boundary Com- 
mission map, it is evident that between 1895 and 1899 there was a recession of the 
glacier front of a little less than a mile. There was an even more notable retreat be- 
tween 1895 and 1905. 

In 1905 we were able to reoccupy the exact site of Gilbert’s 1899 photograph of the 
tidal end of Nunatak Glacier (Sta. A, Map 4), even to the extent of locating small 
bowlders in the immediate foreground. This 1899 photograph is reproduced here as 
PL LXTV, together with our 1905, 1906 and 1909 photographs from the same site 
(PL LXV). The amoxmt of thinning and recession in six years is striking, the retreat 
being a little over a mile. We thought then that the great, and for this region excep- 
tional, recession of this glacier front was possibly to be attributed to a shattering of 
the glacier by the earthquakes of September, 1899; but in view of the fact that the 
recession went on at least as fast for the four years before the earthquakes, we are now 
inclined to believe that this was not the case. 

We occupied the Gilbert site again in 1906, and at that time the glacier front just barely 
appeared from behind the projecting nunatak and was much thinner. It then became 
evident that if recession continued this site would no longer possess importance because 
of the recession of the glacier out of sight behind the nunatak. This we found to be the 
case in 1909, when we again occupied the photographic site, and, as our photograph shows 
(PL LXV, C), no ice appears. The total recession of the glacier between 1905 and 1909 
was about five-eighths of a mile, making a recession between 1899 and 1909, of a little 
over a mile and a half, or at the rate of nearly 860 feet a year. That this recession is 
exceptionally rapid, and unexpected by Dr. Gilbert, is indicated by the fact that he 
chose the photographic site he did. One could scarcely have predicted such an extremely 
great recession of the glacier front in so short a time. 

In 1905 and 1906 we photographed the Nunatak Glacier from other viewpoints so 
that in 1909 we had a basis for noting the recession, which could no longer be seen from 
the original Gilbert site. One of these photographic sites which we reoocupied was on 
the crest of the nunatak, looldng down upon the glacier front. From here we found that 
the glacier had receded greatly, and the outline of its front had changed completely. 
By examination of the distinctive small gullies (as b, PL LXVI) cut in the gravels 
that rest on the steep mountain slope on the northern side of the fiord, we are able to tell 
exactly where the ice front stood in the two years (a, ice edge in 1905, PL LXVI, A; c, 
ice edge in 1909, PL LXVIj B), and it is from this site that we estimate the amount of 
recession since 1905, which was about halt a mile. With the recession of the glaciers 
there has apparently been a change in the position of outflow of the subglacial streams. 
In 1905 and 1906 there were two such streams, the larger emerging on the north side, the 
smaller on the south. In 1909 the largest stream came out from beneath the glacier 
near the south margin, while there was a smaller one in the middle, and another small one 
on the north. Another notable change in 1909, as compared with previous years, was in 
the discharge of icebergs. Formerly icebergs were so frequently discharged that one 
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needed to wait only a short time to witness large ice falls from the glacier front; but in 
our visit of 1909 we rarely saw or heard such ice falls, and the fiord in front of the glacier 
was far freer from floating ice than in former years. 

Viewed from our photographic sites on the north side of Nunatak Fiord, the Nunatak 
Glacier presented even more notable changes. In 1909 the width of the glacier at the 
terminus was only f of a mile and the marginal projections noted in 1905 were entirely 
gone (PI. LXVn, B). The middle projection was also destroyed and the glacier front 
extended in an almost straight line from the north side to a point two-thirds of the way 
across the fiord where there was a very slight projection, beyond which the ice front 
receded. There was also a striking difference in position of the three medial moraines. 

In 1905 (PI. LXVJU, A) these moraines entered the sea near the middle of the glacier. 
In 1909 they were all over in the southern half of the glacier. The black medial moraine 
caused by the union of the two arms of the Nunatak Glacier entered the sea in the south- 
ern quarter of the glacier front. The reason for this change in position of the medial 
moraines is explained by the appearance of a bulging of the ice surface across the southern 
arm where the nunatak hill extends beneath the glacier. It was evident that the southern 
tributary had been so diminished in activity that its surface had been lowered by ablation 
until this subglacial rock barrier became effective enough to cut off a considerable part 
of the supply that the southern arm formerly contributed to the tidal end of Nunatak 
Glacier. With this diminu tion in supply from the southern tributary, the still vigorous 
northern arm was able to thrust the medial moraines farther and farther toward the south. 

Another noteworthy evidence of recession was clearly brought out from the photo- 
graphic sites which were established on the alluvial fans on the north side of the fiord a 
short distance from sea level. From one viewpoint (Sta. F, Map 4) the front of the ice 
cliff was so near in 1905 that it hid the glacier so that we could not see much of its 
surface. Possibly also the ice cliff was higher than now. In 1909, on the other hand, 
from these same positions we were able to look up on the ice surface for a considerable 
distance. From this point of view it was seen in 1909 that back of its ice cliff the glacier 
rose in a series of steps; and the rise was so rapid in the lower mile that it seemed certain 
that not much more recession would be needed to transform this tidal glacier to one resting 
on the land. At the rate of recession going on in 1909 it would have been surprising if 
the Nunatak Glacier had been still tidal at the end of another ten years or even less. 

The rapid recession of Nunatak Glacier between 1891 and 1909 seems to be part of a 
recession of much greater extent, perhaps continuous, perhaps interrupted by halts and 
readvances, but certainly never interrupted by any long period of halting. The evi- 
dence of the former extension of Nunatak Glacier imtil it coalesced with Hidden Glacier, 
and reached far up Russell Fiord, has been stated in the reports on our 1905 and 1906 
expeditions, and wdll not be repeated here. That the complete recession from this former 
extension of the glacier has occurred in a brief time, is proved by the condition of vege- 
tation which is now advancing to reoccupy the area from which the glacier has so re- 
cently receded. Positive and definite evidence of the amount of recession for a portion 
of the distance has ju^t been stated in comparison of the photographic records of 1895, 
1899, 1905, 1906, 1909 and 1910. The 1899 photographs by Gilbert show clearly the 
position of the ice edge in that year, and in 1905, 1909 and 1910 some of the ice still re- 
mained in a stagnant, debris-covered mass, detached from the main glacier and lying in 
about the position occupied in 1899 by the outermost moraine-covered northern edge of 
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the glacier. Off shore from this point, in 1909, there was a submerged reef, extending 
three-quarters of a mile from shore, sufficiently shallow for the stranding of large icebergs. 
Soundings made in 1910 show that this is probably part of the morainic deposit made 
during a halt in the glacial recession. A halt is suggested by the comparison between 
the position of Nunatak Glacier in 1895, as indicated by the Boundary Commission 
map, and its known position in 1899. Upon this evidence the rate of recession between 
1895 and 1899 was about 1150 feet a year, or half as fast again as between 1899 and 1909. 
If recession between 1891 and 1895 was as fast even as the rate between 1899 and 1909 
(860 feet per year) it would carry the tidal arm of the glacier out far enough to have led 
HusseU, from his distant point of view at Cape Enchantment, to have inferred that 
the land tongue and the extended tidal end of Nunatak Glacier actually coalesced. It 
is to be remembered, however, that Russell did not specifically state that the nunatak 
was actually surrounded in 1891, though the name “Nunatak,” and the statement 
that it “rises through” the glacier “like an island,’^ warrant this inteipretation of his 
description. The rate of recession may have been even more rapid between 1891 and 
1895, for the rate from 1895 to 1899 was apparently one and a halt times as fast as the 
rate from 1899 to 1909, perhaps partly as a result of the change in exposure of the glacier 
front, from southwest to northwest, with the bending of the fiord, and partly of the re- 
treat of the glacier to a position in a narrower fiord with the high nunatak rising south 
of the 1899 to 1909 ice front, whereas at earlier stages the southern side of the broader 
glacier rested against low ground which separates the fiord from the southern mountain 
wall. 

Our observations on the tidal distributary of Nunatak Glacier corroborate the con- 
clusion reached from our observations on the land distributary that up to 1909 there 
wasnoresponseinthisglacierfrom the effect of the earthquake shaking of 1899. Nima- 
tak Glacier had imdergone steady and extensive recession during the period of obser- 
vation (PI. LXIX). In this respect it contrasts with the two other tidal glaciers of Yaku- 
tat Bay, the Turner and Hubbard, both of which give indication of minor fluctuations in 
their ice fronts. These two glaciers have either maintained their position or have actually 
advanced, as has the other large glacier, the Hidden. We felt after our observations in 
1909 that it could hardly be believed that in this region, where so many glaciers have 
advanced under the influence of the 1899 earthquakes, a large glacier like the Nunatak 
would fail to ultimately respond. We therefore anticipated that before many years the 
period of recession, so long and effectively in progress, would be brought to an end and 
be replaced by a sudden forward movement. 

Advance of the Tidal Distributary in 1910. The junior author found that between 
July 24, 1909, and June 17, 1910, the retreat of the tidal arm of Nunatak Glacier had 
ceased and an advance begun. Our resurvey of the ice front plotted accurately in 1910 
on a plane table map made a little less than eleven months before (Map 4), proved the 
advance to have varied in different parts of the ice front, the advance of the north 
side of the glacier being 1000 feet, the south side 350 to 400 feet, and the middle of the 
glacier 700 feet. The 1910 ice front is shown with that of 1909 on Plate LXX. Both 
margios of the glacier were seen to have extended northwestward down the fiord and 
the advance of the middle was shown by the lengthening of the medial moraines. 

This is well shown in PI. LXX where the photographs m 1909 and 1910 show the ad- 
vance on both the left (north side of fiord) and on the right margin, as well as an 
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increase in curvature of the three prominent medial moraines and their extension to the- 
right with the advance of the glacier down the fiord. These pictures also suggest an 
explanation of the lower bend in these medials in connection with the crowding down of 
the unsupported ice edge of the stagnant south tributary. 

Comparison of the 1909 and 1910 photographs shows clearly that the 1910 ice front 
was an intermediate position between that of 1905 and that of 1909, the margins which 
receded during this period of four years of retreat not having yet advanced in 1910 to» 
the 1905 position. The lengthening of the medial moraines was also apparent and there 
seemed to be a thickening on the north side near the curve in the crevassed north tribu- 
tary. By comparing these two photographs with the 1905 picture from the same site 
it was evident that at the east end of the nunatak the crevassing which extends into the 
edge of the stagnant south tributary was more extensive in 1909 than in 1905 and lesa 
extensive in 1910 than in 1909, as would be natural if the main crevassed glacier was 
t h i nn ed by ablation between 1905 and 1909 and thickened again by advance betweens 
1909 and 1910. 

Soundings in the fiord in 1910, discussed more fully in Chapter XI, showed that the 
depth of water about a thousand feet west of the ice front of Nunatak Glacier was 555 
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feet. A true scale cross-section of Nunatak Glacier when it was at that point (sometime 
between 1906 and 1909) is reproduced as Fig. 11 and shows (a) that the glacier was about 
750 feet thick; (b) that as the portion above sea level was only 200 feet (two-sevenths of 
the thickness), the glacier could not possibly be afloat; (c) that the slopes of the fiord 
walls above and below sea level are not significantly different; (d) that the proportion 
of the glacial valley now occupied by the ice is much less than when the greater glacier 
overrode and rose high above the nunatak. 

NuncUaJc Glaci&r from 1911 to 191S. In 1911 and 1912 the Nunatak Glacier was 
visited by a Boundary Survey party under the direction of N. J. Ogilvie. In 1911 
they observed a slight continuation of the advance of the previous year. In 1912 the 
glacier had commenced to melt back again, having retreated an amoimt estimated to 
be a quarter mile. 

In September, 1913, the junior author revisited the Nunatak Glacier with the In- 
ternational Geological Congress. It was evident that the tidal ice front was still 
retreating, the northern margin projecting farther west than the center of the glacier, 
but no precise measurements of the amount of diminution were obtained. 

Reladon to Earthquake. The advance which commenced in 1910 was a minor one, 
such as has affected Turner and Hubbard Glaciers several times since 1899, not a 
greater one, such as has come about in Galiano, Haenke, Atrevida, Lucia, Marvine, and 
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Hidden Glaciers. In a tidal ice tongue like the Nunatak Glacier the future be- 
havior is to be watched with the utmost interest. If the advance is attributable to 
the avalanche supply during the 1899 earthquakes, as we believe, this glacier has taken 
between ten and eleven years to respond to the accession in the snowfields and upper 
glacial tributaries. If the slight advance in 1910 was due to the thrust of a small tribu- 
tary there may yet come a greater advance due to the activity of larger tributaries. 
If no advance comes in the next few years we shall perhaps be warranted in ascribing 
the lack of great advances of the Nunatak, Hubbard, and Turner Glaciers to their 
tidal condition. 

The following tabular statement shows the known history of the tidal arm of Nunatak 
Glacier up to 1918 : 


Year 

Nature of Change 

Observer 

Before 1891 

Probably retreat 

RusseU 

1891-1895 

1 Retreat 

Boimdary Survey 

1896-1899 

Retreat about 4600 feet 

Gilbert 

1899-1906 

Retreat about 6300 feet 

Tarr and Martin 

1905-1906 

Retreat 

Tarr 

1905-1909 

Retreat about 3300 feet 

Tarr and Martin 

1909-1910 

Advance 700-1000 feet 

Martin 

1910-1911 

Advance, sKght 

Boundary Survey 

1911-1912 

Retreat about i mile 

Boundary Survey 

1912-1918 

. Retreat, slight 

Martin 


Cascading Glacieb 

Oeneral Description, Gilbert ^ who photographed and named the Cascading Glacier 
in 1899, when Gannett ® showed it upon the map of Nunatak Fiord, speaks of it as oc- 
cupying a high valley nearly at right angles to the Nunatak trough. “It was seen only 
as a series of ice cascades, pouring from ledge to ledge for a thousand feet down the steep 
wall of the trough.” Its vaUey lies entirely above snow line and heads a few miles to 
the 'south in the mountains that lie between Hidden Glacier and Nunatak Fiord. The 
characteristics of the glacier in this valley are unknown excepting at the very edge, but 
it is probably not materially unlike scores of other short, high, mountain valley glaciers. 

The most noteworthy feature of the Cascading Glacier is that on reaching the end 
of its high valley, at an elevation of 1500 feet or more above the fiord, its slope abruptly 
changes and it descends the steep south wall of Nunatak Fiord in a series of steps, with 
greatly-broken surface (PI. LX, B), like a frozen waterfall on the mountain side, which, 
from its resemblance to a cascade, led Dr. Gilbert to give this glacier its name. The 
slope over which this glacier descends is so steep that it is doubtful if the glacier could 
cling to it were it not for the fact that there are two pronounced rock terraces and 
several smaller ones (PI. LXXH, A), caused by the fiuting of the valley side by earlier 
glacial erosion, when the former expanded Nunatak Glacier rose up over the valley side 

' 1 Gilbert, G. K„ Haniman Alaska Expedition, Yol. 3, 1904, p. 60. 

•Gannett, Henry, Same, PI. HI opposite p. 68. 
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and swept powerfully westward through the fiord. The ice of Cascading Glacier pours 
over the lip of its valley down to a point just below the second pronounced rock bench 
(PLLXm), where its further advance is checked, partly by ablation and partly by the 
discharge of fragments that tumble down from its terminus. The melting of the glacier 
has produced no single large stream, but a multitude of small rills extend from its front 
down to the cliff base. These tiny streams have not sufficient volume, and have not 
been at work for a long enough time to have erased the glacial grooves produced by 
the formerly-expanded, westward-moving, Nunatak Glacier. The largest stream, itself 
of small size, emerges from the west end where the ice rests on the upper rock bench. 
Apparently the downward extension of Cascade Glacier is mainly checked by the fall- 
ing of ice blocks rather than by ablation. During each of our visits to this glacier we 
either heard or saw the faU of the ice blocks at frequent intervals. Usually these falls 
consist of only small masses, but oftentimes great blocks were detached. There is an 
extensive talus of these fallen ice blocks, mixed with rock fragments, rising almost up 
to the terminus of the glacier. 

By these falls of ice the form of the lower edge of the Cascading. Glacier has been mate- 
rially altered since it was first observed by Gilbert in 1899, the greatest part of the change 
having occurred between 1899 and 1905, though there have been noticeable changes be- 
tween 1905 and 1909, In 1899 a broad tongue of ice extended from the lower bench down 
the steep cliff face to a moraine area at its base, which was probably the lateral moraine 
of the land tongue of Nunatak Glacier. This projecting point of Cascading Glacier had 
almost entirely disappeared in 1909 and the total recession at this point has amounted to 
between 200 and 300 feet. Its form changed slightly between 1909 and 1913. There 
have been minor changes in other parts of the Cascading Glacier margin, but nothing 
noteworthy excepting the developing of a moraine-covered area on the west side just 
above the lower bench. 

There is no sign of response of this glacier to advance through earthquake shaldng, 
and in view of the fact that it has been examined and photographed in 1899, 1905, 1909, 
1910 and 1913, each of the latter four years showing recession, we feel warranted in 
assuming that this glacier has not made any advance whose effect extended beyond 
the lip of the mountain valley. In view of the shortness of the glacier we assume that 
it will not in the future respond to, the influence of earthquake shaking. Why this 
glacier should not respond, as other glaciers have done, is not easy to understand, unless 
it is due to the fact that in this high-lying valley, in the midst of mountains which do not 
rise to any great height above it, there are not extensive slopes on which the snow rests 
with sufficient instability to be shaken into the valley in great enough quantities to cause 
an advance in the glacier. 

Significance of the Cascading Condition, Cascading Glacier is one of many glaciers^ 
of the same type, found not only in the Yakutat Bay region, but in many other parts 
of the glacial region of Alaska. Indeed, the name has suggested itself to others besides 
Gilbert, and there are already at least three other glaciers of this name in Alaska, beside 
glaciers with names like Cataract Glacier, Hanging Glacier and Toboggan Glacier, which 
are evidently of the same type. This cascading condition seems to be dependent upon 
two factors widespread in Alaska; first, the former extension of great trunk glaciers which 
have so lowered the main valleys by glacial erosion as to leave the tributaries hanging 
high above their bottoms; and, secondly, the uncovering of the steepened slopes below the* 
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Kps of the hanging valleys by the recession of the trunk glaciers. Applying this explana- 
tion specifically to the Cascading Glacier of Nunatak Fiord, the evidence is conclusive 
that the entire fiord, up to a level much higher than the point where Cascading Glacier 
emerges from its valley, was formerly filled with ice which moved vigorously westward. 
The deposits left by this expanded Nunatak Glacier, and the grooves and flutings which 
it wore in the rock of the mountain sides are plainly visible throughout the fiord. That 
this greatly-expanded glacier flowed vigorously, and for a long period of time, is proved 
by the series of perfect hanging valleys perched high above the water surface on both 
sides of the main fiord. The inference is, therefore, warranted that before Nunatak 
Glacier reached this expanded condition there was a main valley whose bottom was at 
least as high as the bottoms of the hanging valleys, and that while the lateral valleys 
have been worn by glacial erosion to some extent, the main valley has been worn much 
faster and much deeper. 

During the ice-flood condition of the Nunatak Glacier these lateral glaciers presumably 
entered the main glacier with their surface levels approximately accordant with the sur- 
face of the main glacier. Such a condition is now observed in tributaries of the larger 
glaciers far back in the mountains. In these cases, however, there is usually a step or 
descent in the glacier surface just above where the tributary joins the main glacier. 
Whether this condition is due to a moderate recession of the main glacier, or whether it 
is normal to the flooded stage, cannot be stated on the basis of direct observation, but by 
inference it seems probable that in the stage of highest ice flood the tributary glacier 
surface would be approximately accordant with that of the main glacier and that the 
step would be absent. During the flood stage the tributary ice streams contribute a 
greater or less amount of ice to the main glacier according to their size; but in the great 
majority of cases these tributaries are so small that as soon as they join the main stream 
they are at once dominated by the powerful thrust of the main glacier. That this was 
true of the Cascading Glacier is clearly proved by the huge parallel rock grooves on the 
mountain slope beneath it. These were without question eroded by the vigorous west- 
ward-moving Nunatak Glacier, and there is no sign of grooving resulting from the in- 
coming of the Cascading Glacier. 

When the main glacier begins to wane, its thickness decreases while, at the same time, 
the front recedes up-stream, and thus ultimately, because of thinning, the fact of dis- 
cordance between the bottom levels of the tributary and main valleys become apparent 
by the development of a step where the tributary emerges to join the main ice 
stream. With continued lowering of the main glacier the length of this step increases, 
and we may ultimately have a cascading glacier extending from the Kp of its valley down 
almost to the base of the steepened slope beneath the hanging valley. This stage in 
the development of cascading glaciers is illustrated by a tributary on the south side of 
the Nunatak Glacier about a mile east of the Cascading Glacier". It descends from a 
valley of about the same height as that of the Cascading Glacier, but its cascading front 
extends clear down to the glacier surface. Scores of instances of similar condition are 
found in the Alaskan region. The next step consists in the discontinuation of the 
tributary end, and then we have the production of the typical cascading glacier, of which 
the one under consideration is a perfect example. 

Once the cascading glacier is disconnected from the main ice stream to which it was 
formerly tributary, its recession is relatively rapid. This is due first to the steepness 
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of the cascading part of the glacier, which permits the falling of ice fragments from its 
front, thus adding a very eflPective cause for recession to the ordinary one of melting. 
A second important reason for more rapid recession in this stage is oftentimes the with- 
drawal of the main glacier from beneath the cascading glacier. This withdrawal of the 
ice results in the raising of the mean annual temperature in the immediate neighborhood, 
and consequently in an increase in ablation.^ This cause becomes particularly effective 
when by the withdrawal of the mam glacier the waters of a fiord take its place. Perhaps 
this is the main reason why the Hanging Glacier on the north side of Nunatak Fiord no 
longer cascades out of its mountain valley. For these two reasons, after disconnection 
of a cascading glacier from the main glacier there is a period of rapid recession; but above 
a certain level melting must again become retarded and recession diminish because of 
the lower mean temperature at that elevation. Ultimately, if no change in the ice supply 
comes about, the time might arrive when a balance between ablation and supply would 
be reached and the end of the cascading glacier hold its position somewhere below the 
level of the valley lip. Such condition does not seem to be possible in the Yakutat Bay 
region excepting up those main valleys which are still occupied by ice. Throughout the 
region, wherever the main glacier has receded past the mouths of the hanging valleys, 
it is apparent that but a short time has been required for recession to destroy the cascad- 
ing condition and to force the ice front back up into the hanging mountain valley. This 
fact is also illustrated in the Nunatak Fiord. Almost directly opposite the Cascading 
Glacier, on the north side of the Nunatak Fiord valley, there is a hanging valley of some- 
what lower level than that occupied by the Cascading Glacier, and, therefore, presumably 
formerly occupied by a more vigorous glacier. The first positive knowledge in regard 
to this valley was obtained from Gilbert’s photograph in 1899 (PI. LXIV) where it is seen 
that the tidal arm of Nunatak Glacier at that time expanded completely across the mouth 
of this hanging valley. In the valley was Hanging Glacier, an ice tongue in which clear 
ice showed just above the lip of the hanging valley, while below the lip a moraine-covered 
tongue projected to about half the distance between the lip and the surface of Nunatak 
Glacier. Because of the lowness of this hanging valley, and because of the fact that 
it opens toward the south, ablation had proceeded much faster on the end of this glacier 
than on the Cascading Glacier. It was, therefore, so covered by moraine that the appear- 
ance of cascading was entirely absent, a condition due partly to the fact that the slope 
below the lip of the hanging valley is less steep than that in the Cascading Glacier, parUy 
to the presence of an extensive deposit of gravels on the northern side of Nunatak valley 
rising part way up the mountain base. In the interval between 1899 and 1909 Hanging 
Glacier receded so perceptibly that its lower moraine-covered end was almost up to the 
level of the hanging valley lip; and in the meantime the clear ice area was entirely replaced 
by moraine-covered ice. At the present rate of recession it cannot be long before this 
glacier will lie entirely inside the lip of the hanging valley. It may, therefore, be con- 
sidered a third stage in the destruction of the cascading type of glacier. 

Succeeding stages introduce no points of special significance, for the later stages con- 
sist merely in continued recession of a valley glacier. In the valley next west of the Cas- 
cading Glacier, which hangs about 700 feet above the fiord level (PI. LI, B), there is such 
a receding glacier whose end now lies about a mile back from the lip of the hanglug 
valley. In this case a single good-sized glacial stream flows from the ice front down to 

■*Tlie covering of a main glacier by a thick mantle of ablafion moraine during recession has the same effect. 
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B. The BuriiEB Giacier Bulb in 1909, m Fobeqhound 
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Vahieqated Glacier in 1909 

Moraine-covered inner bulb of Variegated Glacier in 1909 from Station H (Map 3). Compare with Plate LVn, A, and note disappearance of gorge and waterfall 

through advance in 1906, and change in glacial streams in interior flat. 
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SUBFACE OF VaBIEQATED GiACCEE IN 1909 
From a point near the site of Plate UII. Note increase in thickness of glacier. 



Surface of Variegated Glaceee in 1909 



Ice in Bulb of Variegated Glacier in 1909 
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A. Vaeiegated Glacier in 1906 

From Station H (Map 3). The advance in 1906 covered gorge and waterfall. See Plate 
LIT and ink line near date 1909. 



B. Gap Between the Outer Moraine-Covered Ice and the Butler Glacier in 1909 
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Nunatak and Hidden GiiAciEBa and Theie Snowttelds 

Map by Canadiaa Boundary Commission. 
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B, Nl'naTak Fiord from near the Knd of the Hitler Ghxcmn 
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A. Nunatak Glacier and its Land Arm 
Photogi'aph, 1906, by Canadian Boundary Survey. 
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B. Pkospbctobs’ 1898 Sleds, etc., neab End of Ncnat.ak Glacier in 1909 
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TtdaIj Aittf OF Nuxatak Glacier in 1899 

Photograph by G. K. Gilbert from Station A (Map 4). See also three %^ews from same site in later years (Plate LXV). 
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the edge of the hanging valley (PL LXXI), then tumbles precipitously do'wn the slope in 
a shallow gorge (PL LX, B), which it is actively deepening. In the earlier stages of 
destruction of a cascading glacier the drainage is less concentrated, and when we reach 
as early a stage as that of the Cascading Glacier itself, a multitude of streams discharge 
the ice drainage down the steepened slope in no well defined courses. 

This cascading type of glacier, exists, to some extent at least, in the Alps, and, in fact, 
must be a common condition in the recession of trunk glaciers. Doubtless it was far 
more common, and far better developed in the Alps during the greatly expanded con- 
dition of glaciers in the Glacial Period; for the Alpine glaciation of that time more closely 
resembled the glaciation in Alaska to-day than does the system of present-day Alpine 
glaciers. 
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CHAPTER IX 

THE HIDDEN, FOURTH, AND SMALLER GLACIERS 


The Hidden Glacibb 

Oeneral Description, The Hidden Glacier was nam^ by Russell ^ in 1891 when he 
was exploring Russell Fiord and “sailed slowly southward before an uncertaih breeze, 
and about five miles south of Cape Enchantment saw a deep opening in the steep bluffs 
forming the eastern wall of the valley. A curve in the shore there forms a shallow bay, 
at the head of which there is a break in the hills, and we could look into the mouth of 
the canon-like valley which comes down to the water with a very low grade, and is 
occupied a short distance within by the end of a good-sized glacier. Only glimpses of this 
interesting valley and of the glacier which it shelters, named Hidden Glacier, could be 
had as we passed.*’ 

This glacier was photographed and roughly mapped by the Canadian Boundary Survey 
in 1895 ® and in 1899 Gilbert and Gannett, of the Harriman Expedition, studied and 
mapped Hidden Glacier,® which was revisited and studied by us in 1905, 1906, 1909, 
1910, and 1913.* No doubt the name Hidden suggested itself to Russell because the 
glacier was not visible as he sailed up the fiord, excepting from one point of view. 
Down to 1906 Hidden Glacier retained the same general position, its front being 
separated from the fiord by an outwash gravel plain a little over two miles in length, 
terminating in a branching, muddy delta front at the head of a small bay called 
Seal Bay by the natives; but between 1906 and 1909 the glacier changed greatly. 
For comparison of Hidden Glacier as subsequently observed by us, as well as for com- 
parison with its condition when studied by Gilbert in 1899, we wUl describe its appear- 
ance in 1905 in some detail. 

The upper parts of Hidden Glacier are better known than any of the other large glaciers 
of Yakutat Bay. The maps of the Canadian and American boundary surveyors 
(Fig. 12) show it to be a through glacier connected toward the east with one or more 
glaciers tributary to the Alsek valley, on the north with the upper portions of the 
Nunatak Glacier, and on the south with the upper portions of the Fourth and Yakutat 
Glaciers. We do not know from direct observation what the condition of the glacier 
tributaries may be, nor their size or number; but the inactivity of Hidden Glacier in 
1899, 1905, and 1906, and the condition and position of the glacier front suggests that 
there is a limited supply of ice. In 1905 the glacier was about a mile in width at its 

iKuasell, I. C., Second Expedition to Mt. St. Elias, IStli Aim. Bept., U. S. Geol. Survey, 1892, p. 87. 

* Atlas of Award, Alaflkari Boundary Tribunal, Sheet 21. 

■Harriman Alaska Expedition, Vol. HI, 1904, pp. 53-58 and PI. IV. 

* Tair, B. S. and Martin, Lawrence, Glaciers and G^ladation of Yakutat Bay, Alaska, Bull. Amer. Geog. Soc., 
Vol. XXXVin, 1905, pp. 150, 151; Tarr, B. S., The Yakutat Bay Region, Alaska, Professional Paper 64, TJ. S. 
Geol. Survey, 1909, pp. 59-04; Tarr, B. S. and Martin. Lawrence, The National Geographic Society's Alaskan 
Expedition of 1900, Nat. Geog. Mag., Vol. XXI. 1910, pp. 26-28, 42, 48, 45. 
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terminus, being, therefore, about as .wide as Nunatak Glacier or Turner Glacier within 
its mountain valley. Its surface was not notably crevassed and its front did not extend 
to the sea. Snow-capped mountains rise above it, on either side (PI. LXXIID, and a 
number of small tributary glaciers descend from extensive snowfields on the slopes of 
the enclosing mountains; but there is no proof of the existence of any large tributaries. 

In 1905 the lower five or six miles of Hidden Glacier reminded one very much of the 
Orange and Fourth Glaciers. The glacier surface was smooth and only slightly crevassed, 
and there was an almost total absence of morainic debris. On each side of the lower 
glacier there was a well-defined lateral moraine which in its lower portion rose in the form 
of an irregular ridge because of the protection which the moraine cover gave to the under- 
lying ice. There were two medial moraines, one coming down to the front close by the 
southern laterd moraine, the other a few hundred yards farther north. These two medial 
moraines are interpreted as repre- 
senting the incoming of two weaker 
tributaries from the south side and 
further as indication that the main 
glacier supply is either from the east 
or from the north, presumably the 
former because of the narrow belt of 
mountains on the north side between 
the Nunatak and Hidden Glaciers. 

The lateral moraines extended a 
short distance beyond the visible 
front of the Hidden Glacier, form- 
ing a hmmnocky group of ice-cored 
morainic hills . Between the lateral 
and medial moraines, even at the 
very front of the glacier, the surface 
was remarkably free from moraine, 
only a small amount of staining in 
the outermost portion discoloring 
the otherwise clear ice surface. 

The lowest tributary to the Hidden Glacier entered it about half a mile from its front. 
This tributary is short and is supplied from a great snowfield that clothes the steep upper 
portion of its valley; but it was evidently not supplying a great amount of ice to Hidden 
Glacier in 1905 for its lower portion was completely covered by ablation moraine. Abla- 
tion was in rapid progress all over the lower part of the Hidden Glacier, and the snow 
line lay far up the glacier. 

The surface slope of Hidden Glacier was very moderate, but at the front the slope in- 
creased to from 10° to 20°. Here the glacier apparently terminated and from the visible 
front two fair-sized glacial streams emerged, besides several smaller ones. The smaller 
of the two streams came from the ice on the north side of the valley, entered a deep gorge 
cut in older glacial gravels, then flowed out in numerous branches over an alluvial fan 
which graded down to the outwash gravel plain that lay between the front of Hidden 
Glacier and the sea. According to the Boundary Commission map of 1895 (Fig. 12), 
and the map made by Gannett in 1899 (PL LXXXV, A), the stream on the north side 
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was the largest, but in 1905 and 1906 the stream issuing from the south margin of the 
glacier was many times larger than that from the northern margin. 

A possible explanation of this condition is suggested by a photograph from the north 
side of the valley made by Gilbert in 1899. In this photograph the surface of the outwash 
gravel plain in front of the glacier is seen to rise perceptibly toward the south valley wall; 
and above a part of its surface, about a quarter of a mile from the glacier front a black 
area of irregular form rose above the plain (PI. LXXII, B). This black elevated area 
was evidently lateral moraine, a continuation of the lateral moraine on the glacier, 
rising above the outwash gravel plain. Neither the black moraine nor the risin g 
outwash gravel was present in 1905. We assume, therefore, that there was ice here in 
1899 which before 1905 had so melted away as to allow the burial of the moraine, and 
the development of a large glacial stream on the south side. 

The south stream emerged in 1905 from a large tunnel beneath an ice precipice 
(PL LxXlV, A), boUing out in great volume and flowing with great velocity 
(PL LXXIV, B) to the sea. It was so clouded with sediment as to be yellowish-brown 
in color, and was carrying along with it good-sized pebbles and small bowlders. Ex- 
cepting near the sea, this stream did not possess any distributaries of large size during 
the period of our observation, differing in this respect from the northern stream, 
which divided and subdivided into many branches. However, that the south stream 
was not confined to a single channel throughout the entire season was made clear by 
the large numbers of branching stream courses on the outwash gravel plain, and also 
by the entire absence of vegetation on this plain. It was evident that during the spring 
melting the volume of both the south and north streams was so increased that they sent 
branches in constantly-shifting, courses over all parts of the outwash gravel plain. 

The Outwash Gravel Plain, It is these streams that have built the extensive gravel 
plain that lay between the glacier and Seal Bay in 1899 (PL LXXY, A), 1905, and 1906. 
In those years the streams were actively engaged in building both upward and outward, 
as they doubtless had been for many years before. On the seaward margin the plain 
stood at and below sea level, a broad, muddy, tidal flat being exposed at low tide, and 
shallow water extending some distance from the visible front of the delta; but at a 
distance of a few hundred feet from low tide line the submerged edge of the delta was 
reached, the front sloping abruptly to the deep water that occupied outer Seal Bay. 
From its tidal margin to its inner edge, at the glacier front, the surface of the outwash 
gravel plain, or valley train, was for the most part smooth, ^cepting where crossed by 
occupied or abandoned stream channels. The slope up to the glacier front was almost 
imperceptible and the elevation of the inner portion of the plain was only about 150 
feet. 

The inner portion of the outwash gravel plain, close by the ice front, presented peculiar 
and interesting phenomena. Fringing the glacier front was a broad ditch, or fosse, 
(Fig. 18) about 20 yards in width, terminated on each end by a series of low, hummocky 
ice knolls with gravel veneer, having the general appearance of groups of kame hills, 
with crescentic form paralleling the glacier front. One wall of this fosse was formed by 
the Hidden Glacier front (PL LXXV, B), which rose at an angle of about 15°. The 
other wall, which was about 20 feet high, was a gravel-veneered ice cliff with an angle 
of slope greater than 80°. The presence of ice in this wall of the fosse was shown in a 
number of places where water escaped through small caves in the ice cliff. Ice also 
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existed on the floor of the fosse, thus proving that Hidden Glacier, apparently ending in 
a clean ice slope at an angle of 15® or 20®, in reality extended out beneath the fosse 
and under the gravel plain. The presence of ice even farther out was plainly shown 
by the pitted condition of the outwash gravel plain surface, as was observed by 
Gilbert ^ in 1899 before the fosse had developed; and it was exhibited with remarkable 
perfection in 1905. Some of the kettles were small, shallow pits a few feet in diameter. 
Others were of large size, the largest measuring 250 feet in length and 50 feet in width. 
The depth of the kettles varied from 1 or 2 feet to 15 or 18 feet. Many of the kettles, 
especially the shallow ones, were dry; but others, notably the large kettles, contained 
pools (PI. LXXVI) of clear, deep-blue water a few feet in depth, the greatest depth 
measured being about 10 feet. Altogether there were over a hundred good-sized pits in 



Fio, 18. Hidden Glaoieb In 1905, Showing Fosse between the Glaoieb 
AND THE woBDB KetUe area. 


an area of about a square mile, and the region pitted by these kettles extended fully a 
mile from the visible glacier front. 

The presence of the kettles in the outwash gravel plain was interpreted by Gilbert, 
and by ourselves, as proof of the presence of ice beneath the gravels. There is abundant 
evidence to support this conclusion. In the first place, the great amount of clear, ice- 
cold water emerging from the kettles could be accounted for only by the melting out of 
buried ice. Numerous small streams issued from the kettles, their clear water con- 
trasting strikingly with the muddy water of the nearby glacial streams. That the 
kettles were developing by irregular subsidence of the surface of the outwash gravel 
plain during our visit in 1005 was clearly proved by the abundant evidence of faulting 
and slumping of the gravels and the sliding down of the kettle walls. Furthermore, 
on the bottom of some of the kettles were deposits of mud recently made, and faulted 
by subsidence since their accumulation. The very existence of the kettles on the gravel 
plain is indication of the recency of their origin, for the surface of the plain was traversed 
by an intricate series of abandoned channelways, some of the largest with banks 30 or 

1 Gilbert, G. E., Glaciers and Gladatioii, Haniioan Alaska Expedition, Vol. 8, 1904, p. 64. 
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40 feet apart, and with a depth of 5 to 10 feet. There is every reason for believing that 
these chatmelways had been occupied by water derived from the melting of the snows 
in the spring of 1905. Further proof that the surface of almost all parts of the gravel 
plain was frequently reached by the branching glacial streams is found in the absence 
of vegetation, for even individual annual plants were found in only a few places. With 
such rapid upbuilding of the plain as was evidently in progress, and with such recent ex- 
tension of the streams over its surface, it is inconceivable that kettles could long remain, 
for they would soon be destroyed by stream erosion and by gravel deposition. We 
are convinced, therefore, that the kettles observed in 1905 were in the main the result 
of the melting of the buried ice in that single season. 

The presence of buried ice beneath the outwash gravel plain, and its direct connection 
with Hidden Glacier, are established by the facta observed in 1905. We could not de- 
termine exactly how far the ice extended, though the presence of kettles to a distance of 
at least a mile from the ice front furnished evidence of its extension that far. Beyond 
this point no kettles were observed, and while it is possible that ice may have existed fur- 
ther than a mile from the visible ice front, it is not probable, and, if it did, it was certainly 
very thin . The inference that we draw from the facts observed, is that a moderately- 
thick ice foot, buried beneali the gravels, projected for approximately a mile beyond the 
visible front of Hidden Glacier, gradually thinning and disappearing. There was a con- 
tinuous diminution in the size of kettles and in the degree of slumping of the surface for 
about a mile from the ice front. This of course may in part have been due to deeper 
burial of the ice on the outer portion, but it was probably mainly due to the thinning of 
the ice. It is a noteworthy fact that the area of moat abundant and largest kettles, 
which was within a quarter of a mile of the visible glacier front, was on the site occupied 
by the glacier when Gilbert photographed it in 1899. 

The presence of this buried ice beneath the gravel plain, and the evidence of its direct 
connection with the glacier beneath the fosse, supports the conclusion reached above 
that Hidden Glacier was not in active movement in 1905, at least in its outermost portion. 
It would have required only a very slight thrust to have broken the buried ice, and with 
it the overlying gravel plain. Even at the very edge of the fosse the gravel showed no 
sign whatsoever of faulting, with the exception of that due to subsidence. We infer from 
this fact, as well ai from the uncrevassed glacier surface and the evidence of recession 
of its visible front, that in 1905 the lower part of Hidden Glacier was in a stagnant state, 
and that its recession would in all probability have continued, as in the past years, were 
it not for the absolute change in conditions brought about by the earthquakes in 1899. 

The manner in which we conceive the burial of the glacier terminus by the gravels to 
have been effected is as follows: In the early spring the expanded surface of Hidden 
Glacier reached at least as far out as the west wall of the fosse, and probably farther. 
With the coming of spring, large streams, derived from melting of snow upon the glacier 
deposited gravel upon the glacier terminus, thus protecting it from melting rapidly. 
When such streams waned and ceased depositing, ablation would proceed more rapidly 
upon the clear ice portion of the glacier than upon that veneered with gravel. In this 
way a fosse or vaUey developed between the clear and the gravel-veneered ice. A lake 
might form in such a depression, ultimately being drained through moulins. Where 
the gravel was thinnest, that is nearest the glacier, the subsequent, more rapid melting 
of the ice beneath the gravels resulted in slumping, with the production of a kame moraine. 
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FartJier out only pits were formed at first, being filled later by alluviation; and this proc- 
ess might go on for years. The ultimate kettles upon the pitted plain would be those 
due to the melting of the last isolated remnants of the buried glacier that were not filled 
by the last alluviation. 

The outwash gravel plain built in front of the BKdden Glacier furnishes an excellent 
example of a deposit common in regions of Pleistocene glaciation in Europe and America, 
but here in actual process of formation. The significance of the phenomena observed 
in this valley in 1905 will be apparent to students of Pleistocene glacial deposits. If the 
ice had all melted away in 1905 there would have developed a crescentic kame moraine 
area with an ice-contact face fcward the glacier and with a sloping outwash gravel plain 
toward the sea, pitted by numerous kettles. The stream channels on the plain would 
extend up to where the glacier front stood in 1905. Many of the kettles would be filled. 

Recession Between 1899 and 1905. The photographs and map made by the Harriman 
Expedition in 1899 give a basis for fairly exact comparisons of the conditions in 1899 
and 1905. In some cases it was possible to occupy the exact sites of Gilbert’s 1899 
pictures (PI. LXXVID ; in other cases the approximate position could be located. In 
the interval of six years there was a recession of the Hidden Glacier front of more than a 
quarter of a mile. There was evidently at the same time a change in position of the 
most projecting part of the visible ice front, for Gannett’s map shows the outermost 
point close to the south wall of the valley, whereas in 1905 the glacier projected most 
near its center. There was also a change in the point of emergence of the largest 
gla9ial stream, as already stated. The lateral moraine on the south side was more pro- 
nounced in 1905 than in 1899, but this fact is probably only partly due to continued ' 
recession, for our visit was about a month later in the season than Gilbert’s, and 
naturally by that time summer ablation would have brought the moraine into greater 
relief. 

Earlier Recession, Prior to 1899 we have no sufficiently accurate basis for determining 
the position of the Hidden Glacier front, though the Canadian Boundary Commission 
map, based upon observations in 1895, and Russell’s name Eddden Glacier, given in 1891, 
both indicate that the glacier front was in those years well back within the mountain 
valley. The glacier was less than If miles from the fiord on the 1895 map, and, if this 
is accurate, it retreated about 500 feet between 1895 and 1899. However, that Hidden 
Glacier had recently been much more extensive than in 1899 was clearly proved by a 
number of facts, notably the pronounced grooving and fluting of the mountain slopes, 
to an elevation of 1000 or 1500 feet, of such recent date that weathering had not notably 
erased it; the general absence of vegetation on the lower valley slopes and the entire 
absence of alder thickets; and the presence of overridden gravels. 

The north side of Hidden Glacier valley, which has not been as greatly oversteepened 
by glacial erosion as the south side, had in 1899 and 1905 a series of gravel deposits ex- 
tending two or three hundred feet above the outwash plain and down the valley for a 
mile and a half. The gravel surface was sculptured in indistinct, westward-descending 
terraces, and stream cuts showed excellent stratification with fragments of trees among 
the gravels. 

The north end of the glacier rested upon these gravels (PI. LXXX, B), the glacier 
surface sloping 10® to 15® westward and the gravel surface about 5® southeastward, or 
toward the centre of the glacier, causing the ice to wedge out into a thin edge. It was 
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thus visibly demonstrable that the glacier had overridden the gravels, eroding them, 
as shown by the broadly-truncated stratification of the gravel, and with erosion most 
pronounced in the centre of the valley because the eroded surface sloped that way. 
Gilbert had detected the overriding of these gravels in 1899,^ before recession had 
revealed the site where the glacier itself rested on the gravels in 1905 (PI. LXXYIEI, A), 
observing the smooth curves eroded by flowing ice, truncating stratified gravel deposits. 
He also noted the fact, which we likewise observed, that there was a veneer of till and 
scattered erratic blocks resting on the surface of the truncated gravels. The overridden 
gravels extend outside of Hidden Glacier valley far down into Russell Fiord, proving 
a former great extension of the glacier, during whose advance erosion had sculptured 
but not removed gravels of earlier deposit. 

In 1905 a stagnant, outlying mass of moraine-protected ice lay upon the gravels over 
an eighth of a mile from the glacier, showing gradations of kame topography, with various 
stages of melting according to the distance from the main glacier. It was a lateral mo- 
raine mass whose melting would later produce a superposition of hummocky topography 
upon earlier, ice-eroded gravels. 

Thus in 1905 the terminus of Hidden Glacier showed clearly the two interesting 
phenomena of a glacier margin resting upon old gravels which were sculptured but not 
wholly removed, and the middle of a glacier with its ter m inus buried beneath modem 
gravels which were stiU being deposited upon it. 

Condition in 1906. The recession of Hidden Glacier from its former advanced position, 
concerning which we have specific evidence between 1899 and 1905, continued at least 
until June, 1906. At that time the Geological Survey party visited Seal Bay and took 
a photograph of the Hidden Glacier from near its mouth, but seeing that the glacier was 
in essentially the same position and condition as in 1905, and having other objects in 
view for the season’s work, no further study was given Hidden Glacier at that time. 

Condition in 1909. On July 10, 1909, when the National Geographic Society party 
rounded the point which forms the north side of Seal Bay, the formerly Hidden Glacier 
burst upon our view with an ice front so high and so near that at first we thought it had 
become tidal (PI. LXXVHI, B). It no longer deserved the name Hidden, for it boldly 
projected out in its valley so far that it formed a prominent feature in the landscape 
from all points of view where one could look into Seal Bay. Hidden Glacier, stagnant 
in 1899, 1905, and as late as July 6, 1906, and showing striking evidence of notable 
recession between 1899 and 1905, hod suddenly changed its condition, and between July 
6, 1906, and July 10, 1909, had pushed its front forward fully two miles, and to within 
a little over a quarter of a mile of the sea. Where the ice front stood in 1905 and 
1906 there was a thickness of about eleven hundred feet of ice in 1909 (Fig. 14), as 
shown on our detailed topographic map (Map 5). Our most important photographic 
sites, selected in 1905 for the purpose of showing changes in the glacier front as it con- 
tinued to recede, were deeply buried beneath the glacier. The formerly-overridden 
gravel terraces were covered by ice and the glacier had completely overridden the 
pitted outwash gravel plain (PI. LXXXV). Its front lay nearly a mile beyond the 
outermost limit of kettle development in 1905. 

Two of our photographic sites of previous years could be reoccupied because they lay 
far enough down the valley to be beyond the reach of the advancing ice front. One of 

1 Gilbert, G. K., Glaciers and Glaciation, Harrlnian Alaska Exiieditlon, Yol. 3, 1904, p. 58. 
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these sites was on a low knoll, about 200 feet above the sea, and very near the outer edge 
of the outwash gravel plain. In the picture of July 26, 1905, from this site the glacier 
front is distant and ice occupies only a very small fraction of the entire picture, all the 
foreground for two miles being outwash gravel plain. In the picture of July 10, 1909^ 
from the same site, on the other hand, the glacier dominates the view (PI. LXXIX, A)^ 
and the outwash gravel plain occupies only a narrow strip. Between two and three 
square miles of ice, with an average depth of several hundred feet, has been added in 
this picture. No less striking is the difference in appearance of the Hidden Glacier 
valley in the two photographs from the same site on the alluvial fan at the outermost 
part of the outwash gravel plain, one taken July 6, 1906 (PI. LXXX, A), and the other 
July 10, 1909. In the latter picture the ice front is near at hand and the glacier is so 
large that it was impossible to show it on a single 5x7 plate, whereas in the 1906 photo- 
graph the glacier front extends only about a fourth of the way across the picture. 
Such a sudden and enormous change in the position of the glacier front in so brief a • 
time is, so far as we know, without recorded parallel. Accustomed as we were by this 
time to such transformations of glaciers, the change in the Hidden Glacier seemed to us 
almost incredible, even as we looked upon it with our own earlier photographs in our 
hands. 

The surface of the glacier contrasted as strikingly with its 1905 condition as did the 
position of its front. From the very outer edge, back as far as we could see up the glacier 
valley, and from one side to the other, the ice surface was rough and broken, forming a 
striking contrast to the smooth, unbroken surface of 1899, 1905, and 1906. The rough- 
ness, though great, was not of the same character as that presented by the Atrevida, 
Variegated, Haenke, and Marvine Glaciers in 1906, and by the Lucia Glacier in 1909. 
In these cases the ice was so broken, there were so many pinnacles, and such a mass of 
yawning crevasses, that the glaciers were impassable; but in the Hidden Glacier the ir- 
regularities were all rounded (PL LXXXI) and it is clear that there had been not only a 
breaking of the surface, but, as in the case of the Variegated Glacier in its 1909 con- 
dition, a subsequent healing as well. Although exceedingly rough, and with numerous 
crevasses, it seemed to us from the view which we obtained on the north side at an 
elevation of 600 feet, where we could look over the broken surface, that it would be 
possible to traverse it in almost any part, though there were areas of excessive crevassing 
which would undoubtedly make necessary the exercise of great care. We walked over 
portions of the northern margin and the lower end of the glacier in order to satisfy our- 
selves as to the exact conditions from near at hand, and what was observed there 
seemed to be a duplication of the conditions throughout most of the visible glacier sur- 
face. These parts of the glacier surface were made up of a series of huge swells, with 
somewhat shaipened crests, rising from 20 to 50 feet above the broad depressions 
between them and giving to the surface an imdulation strikingly in contrast with the 
regularity and smoothness in 1905. Everywhere along the margin of the glacier, the ice 
was badly cracked and seamed, showing the great strain to which it has been sub- 
jected; and, in addition, the surface was interrupted by innumerable crevasses, some of 
them of considerable depth, so that in crossing the glacier it was necessary to follow a 
winding path in order to avoid the crevasses. Everywhere ablation was in rapid 
progress and many streams were coursing over the glacier surface, which had almost 
no morainic veneer to protect it from melting. 
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As in 1899, 1905, and 1906 the surface of the Hidden Glacier was in 1909 remarkably 
free of debris so that in all the views one sees mainly clear ice. There was, in fact, even 
less debris than in previous years, for, with the advance of the glacier, there had been a 
lateral spreading and a rising on the valley side, as a result of which the lateral moraines 
had been destroyed. There was, therefore, an absence of the lateral moraines which 
formed a prominent feature of the glacier margin in previous years. The medial moraine 
was, however, still present and stiU over on the south side of the valley; but near the 
terminus it swung stiU farther south, and at the very end of the glacier became lateral. 
The fact that this medial moraine had retained its approximate position furnishes proof 
that the thrust by which the Hidden Glacier was broken and pushed forward did not 
come from the glacier tributary on the south by which this medial moraine is supplied. 
Had there been such a thrust from that glacier this medial moraine would of necessity 
have been pushed farther out into the glacier than it was in 1905. We assume, 
therefore, that the thrust came from either the east or the north. 

The margins of the glacier were examined with some interest, because the ice had sud- 
denly risen up over gravel and rock slopes, from which ice had for many years been absent. 
The two margins of the glacier were found to be quite diflferent. Along the northern 
margin there was a band of barren moraine 200 to 300 feet in width, with no living 
vegetation but with many fragments of willow, alder and cottonwood. At its upper 
border, in a number of places, there was a well-defined ridge of bowlders, till, gravel, 
and plants shoved up by the advance of the glacier (PL LXXXHI). It is a perfect 
illustration of shoved, or push moraine, and in places was faulted and doubly ridged 
by the thrust. It wound up and down the hillside in irregular lobes, often rising 
highest on spurs rather than in adjacent gullies. The barren moraine (PL LXXXVI, A) 
between this shoved moraine and the ice shows clearly how much recession there had 
been since the period of greatest lateral advance. In some places the marginal moraine 
was distinctly hummocky, especially in places where the hillside drainage, which in 
earlier years extended down to the outwash gravel plain, found itself interrupted in its 
progress by the newly-established base level of the advanced glacier. In these places 
the sediment which the hillside drainage was carrying had in part been deposited on 
the ice margin, and in some places there were patches of ice, still unmelted, in the 
barren zone from which elsewhere the glacier had completely receded. All along this 
margin there was evidence that the ice was rapidly withdrawing, with a thin wedgelike 
edge resting on the older till and gravels. Not all the barren zone above the present 
ice margin can be ascribed to recession of the glacier, for some of it doubtless repre- 
sented the position of lingering snow banks, prevented from sliding down farther into 
the valley by the newly-imposed ice barrier. But this ^planation can account for only 
a few areas of unusually broad barren zones, for in those areas which lie between the 
ice and in shoved moraine there can be no question but that ice extended up to the 
pushed area. Also in those portions of the barren zone where ice stiU remained 
beneath gravel deposited by marginal drainage we have positive proof that the barren 
zone was due to recent occupation by the glacier itself. 

On the north side of the glacier the hillside drainage, now interrupted in its journey 
to the valley bottom by the presence of the glaciers united with the waters supplied by 
the melting of the glacier and flowed along a marginal course, in places flowing under 
the glacier for short distances, elsewhere flowing at or near the ice margin. In one place 
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the marginal stream had cut a distinct rock gorge (PI. LXXXIV), from 2 to 8 feet in 
depth, contouring the hiUside. It cannot be conceived that on this steep mountain 
slope a stream would follow the contours for several hundred feet, unless some barrier 
interfered with its flow down the hillside. Evidently, therefore, this rock gorge was the 
result of marginal drainage. We cannot be certain that the channel may not have 
started at some earlier stage in a high level of Hidden Glacier, though the coincidence of 
position at the exact margin of the present stand of the glacier would in that case be 
quite remarkable. The shallowness of the gorge, and indications of its newness, have 
led us to believe that it is the product of marginal drainage at the present stand of 
Hidden Glacier. 

On the south side of the Hidden Glacier valley the mountain walls rise more abruptly, 
and there is an absence of gravel slopes such as exist on the northern side. Only for 
that reason the marginal conditions on the south side are quite different from those on 
the north. There is also the factor of difference in power of sunshine on the two sides 
of the valley. On the moderately-sloping north side the low-lying sun strikes with power, ' 
but on the steeply-rising south side the sun’s rays produce little direct effect. Indeed, 
at the mountain base for a considerable part of the day in summer this side of the valley 
is in shadow. As a result of these different conditions on the two sides, there was as 
yet no marginal valley there, and the ice extended with uniform slope right up to the 
mountain base. In fact, as late as the middle of July, there was a slope upward from 
the ice surface caused by the snow banka which had slid from the mountain side down 
to the glacier, which had not yet melted. By comparison of the photographs of 1909 
with those of the previous years it became evident that the amount of snow remaining 
on the mountain slopes just above the glacier was much greater in the latter year than in 
the earlier years. The advance of the glacier and the rising of its surface introduced 
a temporary change in the local climate. Both on the south and the north margins 
there had as yet been too little ablation to have brought out in relief the lateral 
moraines which will doubtless ultimately develop again on both sides of the Hidden 
Glacier. 

The very front of the Hidden Glacier sloped moderately, almost to the edge, with some 
low, debris-covered ice cones just back of it on the glacier surface, then ended in a low 
ice cliff from 20 to 30 feet in height. The ice front projected farthest in the southern 
half of the valley. From tie ice front issued many small streams and two good-sized 
ones, the larger, as in 1905, issuing from the south side very close to the valley waU. 
The next largest stream came out 100 yards from the northern margin, and was evidently 
carrying not only drainage from the ice, but also the marginal drainage of the north side 
of the glacier which in its lower course flowed through a tunnel in the ice. Fresh faulting 
by slumping of the ice surface near where this north stream emerged, showed clearly 
that its drainage was in process of development, and the extension of this slumped area 
towards the northern margin of the glacier is proof of the direction from which the supply 
for this stream was derived. Both the south and north streams flowed out upon the gravd 
plain in front of the glacier, and thence down to the sea; but between these two streams 
there was a much smaller stream with water derived from a number of small streams 
issuing from the steep ice front, at first flowiug in a shallow valley parallel to the ice 
front, the streams from the two ends of the valley finally uniting in about the center 
of the glacier and going to the sea as one torrent. 
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The southern portion of this frontal valley was an incomplete fosse, presumably of the 
same origin as that developed in 1905 when the glacier front stood much farther up 
the valley. The inner boundary of the fosse was the visible glacier front, the outer mar- 
giu a sloping gravel terrace with a low, undulating slope toward the fosse and a grad- 
ual descent of its surface toward Seal Bay. The apex of the terrace was toward the 
large south stream and was evidently an alluvial fan of that stream, probably built in 
the spring. Between the southern edge of the fosse and the glacier there was a low 
morainic mass which was slumping rapidly. This extended northward along almost 
the entire glacier front, but grew lower and had less pronounced form toward the north. 
Throughout its entire length this hummocky area had ice beneath it, and the hummocks 
rose from 5 to 25 feet. 

The alluvial fan terrace just described had numerous small, dry kettles, and j’ust in 
front of the ice, and for some distance northward there were also kettles, some contain- 
ing water. Ice was revealed in the southern side of the pitted alluvial fan where it was 
cut into by a swing of the large glacier stream. That it was an alluvial fan, built on the 
outer edge of the glacier during the period of spring melting was indicated by the presence 
of numerous channelways upon it, pointing toward the apex of the fan and, therefore^ 
toward the south glacier stream which built it. From the conditions on and in this fan 
we find complete verification of the explanation previously given of the pitted outwash 
gravel plain which existed farther up the valley in 1905. In that year the process of 
burial of the glacier terminus was not so clearly demonstrable as in 1909, but of the 1909 
condition there can be no doubt as to the cause. The steep slope of the alluvial fan toward 
the north and west, and the presence of numerous channelways extending in the same 
direction, both pointed clearly to the source of the gravel-bearing water; and the discovery 
of ice beneath the pitted gravels verified by observation the inference previously drawn 
from the presence of the kettles, that they were the result of subsidence through melting 
out of buried ice. In the 1909 condition the aggradation by which the ice front was buried 
beneath the gravels was far less extensive tihan in 1905, and the area occupied was much 
smaller, though otherwise the phenomena were essentially the same. 

Although not tidal in 1909, the Hidden Glacier discharged ice into Russell Fiord. Sev- 
eral scores of these icebergs were afloat in Seal Bay in July, 1909, some of them three or 
four feet in diameter. They had floated down the largest glacial stream from the glacier 
front. 

A comparison of maps and photographs of the coast of Seal Bay in 1905 and 1909 shows 
that the northern side of the outwash plain, which projected most in 1905, had grown 
almost none in connection with this two mile advance of the glacier, while the south side, 
which projected most in 1909, had grown forward 900 or 1000 feet since 1905. The 
southern side is the side where the largest glacial stream entered the bay between 1905 
and 1909. There are two photographs showing this coast from exactly the same site 
in 1905 and 1909, and exhibiting this delta advance graphically, though unfortunately 
they cannot be compared exactly because we do not know the stages of tide at which 
they were taken. 

Interpretation of the Advance. The condition of Hidden Glacier in 1909, as contrasted 
with its condition in 1906, proves a very great advance and breaking of the glacier during 
the interval of three years. In view of the resemblance of the phenomena of the Hidden 
Glacier to those observed in other glaciers of the region and of the brief interval of time 
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involved, there can be no doubt but that this advance also was spasmodic and in every 
important respect similar in character to the advance of the other glaciers, the one notable 
difference being the much greater advance of the front; for in this respect Hidden Glacier 
stands unique among all the advancing glaciers. While in all cases there was some ad- 
vance of the front, and in the Haenke Glacier a notable forward movement, there was 
nothing to compare with the remarkable change in position of the Hidden Glacier front. 
Doubtless could the phenomenon of advance have been observed it would have presented 
only a duplication of the same features shown by the other glaciers; but it would have 
been most interesting to have observed how rapidly the front of the glacier actually 
moved forward, and also to have seen what response to the thrust the ice buried beneath 
the outwash gravel plain made. Upon these questions, however, we cannot now hope to 
have evidence. 

As to the exact time of the advance of the glacier we are also unable to make positive 
statement. It is known to have come between July 10, 1906, and July 0, 1909. 
There are numerous indications that the advance came nearer the earlier period than the 
later, and it may even have come later in the season of 1906 than the period of our visit. 
We cannot conceive that it occurred later than the summer of 1907, for after the advance 
and breaking were completed, and before 1909, there had been enough ablation to reduce 
the crevassed, broken surface of the advancing glacier to a passable condition. The full 
season of 1908, and the fust month or two of 1909, certainly represent none too much 
time for as much healing of the surface by ablation as has taken place. The surface 
was rougher in 1909 than that of the Variegated Glacier, whose breaking had been so 
nearly completed in the summer of 1906 as to give ablation some play in that season 
while during 1907 and 1908 ablation doubtless dominated in the Variegated Glacier. 
In view of the greater roughness of the surface of Hidden Glacier we are, therefore, in- 
clined to place its period of advance after the close of the summer season of 1906 and very 
probably before the period of melting in 1907 had proceeded very far. 

In addition to the healing of the surface by ablation, the marginal conditions along the 
northern side of the glacier are suggestive of the lapse of a period of at least one or two 
years since the maximum advance. This evidence is partly the notable shrinking of 
"the ice from its most advanced position on the northern slopes, and partly the rock gorge 
occupied by the marginal channel, The bushes killed by the advance were so brittle in 
1909 that limbs snapped readily, suggesting that they had been overturned as early as 
1906 or 1907. The condition of the glacier front was also indicative of the lapse of at 
least one full season since the advance, for, in order to develop the cliffed front of the 
glacier and the fosse, and in order to lower the frontal slopes sufficiently for the deposit 
•of the alluvial fan described above, would seem to demand at least one complete season 
of ablation. Altogether, therefore, although we cannot state with definite exactness 
the time at which the Hidden Glacier advanced, we believe that the evidence from abla- 
tion and from frontal and marginal conditions demands that this period should be at 
least before the beginning of the summer of 1908, and later than the autumn of 1906, 
that is, some time in 1907. That the advance was rapid and soon ended is proved by the 
great change in position and condition, for a very large part of the thr^ years available is 
Tequired for the observed healing by ablation. In other words, the evidence from Hidden 
Glacier, fihough in some respects lacking definiteness, is completely in harmony with that 
ffumished by the other advancing glaciers, about whi^i we have more exact information. 
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The rate of advance cannot be determined exactly, but the following tentative compn- 
tation can be made. If it had taken the entire period of a little less than three years, from 
July 10, 1906, to July 6, 1909, for the ice front to advance the two miles, the rate of for- 
ward movement of the ice front, ignoring wasting by melting, would have been nine 
and seven-tenths feet a day, or faster than Muir Glacier was moving in 1890 when its 
seven feet of daily movement were compensated for by iceberg discharge from the front. 
The two mile advance of Hidden Glacier, however, we know to have occurred not in three 
years, but probably in less than one year and, judging by the known advance of Varie- 
gated, Haenke, Atrevida, and Marvine Glaciers, during a very few months. Its rate of 
forward motion must have been several times the nine and seven-tenths rate, and may 
even have attained a rate of SO to 50 feet a day. Although we cannot give the rate of 
advance exactly, it is easy to see that the advance of Hidden Glaczer was far different 
from normal glacier movements and may be spoken of as a spasmodic rush, or flood. 

In connection with the recent advance of Hidden Glacier it is of interest to note that 
one of its through glacier connections on the Alsek may also have commenced to advance 
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in 1909. The Boundary Survey party which ascended the Alsek in 1908 reported no 
activity of any glacier on the west side of the river that year. About the first of August, 
1909, however, as we learned from the Dry Bay natives, the Alsek river rose 16 or 18 feet 
on its delta, maintaining that level for at least two weeks. The waters carried icebergs, 
which was unusual, and big tree trunks, and forced the natives to move from their village. 
This rise is inteipreted as meaning the crevassing of some glacier up the river, and hence 
greater melting. The glacier is thought to be one above the lower Alsek canyon, below 
which no large trees grow, and may well be the large ice tongue on the west bank, next 
above the lower Alsek Canyon, which connects with the Yakutat, Hidden, and Nunatak 
Glacier systems. Since equilibrium is disturbed in this glacier system, as evidenced by 
the two mile advance of Hidden Glacier, it is quite likely that an advance has also oc- 
curred on the Alsek, and that other advances may affect the other glaciers of Alsek valley, 
the Yakutat Glacier and the smaller ice tongues within the next year or two, as it did 
Nunatak Glacier in 1910. 

Conditions in 1910. The junior author found in June, 1910, no particular changes in 
Hidden Glacier since the year before except the continuation of retreat and thinning by 
ablation. The drainage had not altered sigmficantly, 

Detailed studies of Seal Bay, the submerged continuation of the Hidden Glacier valley. 
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as revealed by soundings, are considered in Chapter XI. Careful observations showed 
that the delta advanced 1600 feet between 1899 and 1910, and, as stated on an earlier 
page, 900 or 1000 feet of this advance came between 1905 and 1909, the increased rate in 
delta growth during the later period doubtless being due to the large amount of alluvial 
material supplied during the two mile advance. This rapid rate of growth, 145 to 2^ 
feet a year, is remarkable, for the much larger Mississippi delta advances only 262 feet a 
year, the Danube 300 to 400 feet, and the Tigris-Euphrates seventy f^t annually, though 
small glacier streams are normally much more heavily loaded with sediment than the 
rivers mentioned. Seal Bay is 180 to 600 feet deep. , This part of Russell Fiord shoreline 
was probably not uplifted during the 1899 earthquakes, so the 1600 foot advance cannot 
be ascribed to a change of level of the land. The 1600 foot advance of the Hidden Glacier 
delta is shown in a spectacular way in Plate LXXXII, where the upper photograph 
shows the Harriman Expedition vessel, the George W. Elder y anchored in June, 1899, at a 
point shown to be dry land in the lower photograph taken in June, 1910. 

Recession 1910 to 1913, In September, 1918, the junior author made more detailed 
observations of Hidden Glacier than on any other Yakutat Bay glacier visited by the 
International Geological Congress. The recession of the front of the glacier by melt- 
ing was estimated to be 400 to 500 feet. The imperfect fosse which existed in 1909 
and 1910 was destroyed. The outwash plain in front of the glacier was graded at a 
lower and flatter level than in 1910, but fragments of the older alluvial fans existed 
as isolated flattish-topped hiUs. An abandoned marginal gorg^ cut 40 to 60 feet in the 
older gravels of the north valley wall, no longer had a stream. There were pits in 
front of the glacier, showing by slumping that buried ice existed on the site of the 
glacier terminus of 1909-10. Icebergs of small size were floating down the larger gla- 
cial streams to the sea. At the northern margin the Hidden Glacier had thinned at 
least 150 feet vertically and shrunk several hvmdred yards from the push moraine of 
the advance of 1907. The crevasses of the glacier surface were largely subdued by 
ablation. Isolated lateral ice renmants rested on the overridden gravels. 


Tabular Statement of Bjnown Changes in Hidden Glacibb 


Year 

Nature and amount of change 

Becorded hy 

Up to 1891 

Probably retreat 

Russell 

1891-1895 

Probably continued retreat 

Boundary Survey 

1895-1899 

Retreat about 500 feet 

Gilbert 

1899-1905 

Retreat about 1300 feet 

Tarr and Martin 

1905-1906 

Continued slight retreat 

Tarr 

1906-1909 

Advance over 10,000 feet; slight retreat 

Tarr and Martin 

1909-1910 

Slight retreat 

Martin 

1910-1913 

Retreat, 400-500 feet; thinning 150 feet 

Martin 
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Fourth Glacieb 

General Description. Until 1909 we had not visited this glacier, though we knew of its 
existence, partly from the Canadian Boundary Commission map,^ and partly from visiting 
the large, milky glacial stream which issues from it and enters the head of Russell Fiord. 
It was photographed and roughly mapped by the Canadian topographers in 1895 and was 
well known to the prospectors who crossed it in 1898, and in smaller numbers almost 
every year since; but they have left us no description of the conditions which they en- 
countered in their journeys over its surface, except the inference that, being passable, it 
was not greatly crevassed. They went over this glacier highway in sufficient numbers 
in 1898 to warrant the establishment of a store on the shores of Russell Fiord near the 
point where the glacial stream emerges, relics of which are still to be seen. Blackwelder 
saw the glacier in 1906 from a mountain spur some miles south, noting the moraines upon 
its surface and suggesting a new name (Beasley Glacier) instead of the one generally 
used. This name^ has recently been discarded by the U. S. Geographic Board for reasons 
stated in Chapter II. The glacier was mapped more accurately and photographed from 
peaks on three sides by the Boundary Survey party in charge of Fremont Morse in 1906, 
and the sketch map of the glacier (Fig. 15) is reproduced from their unpublished map. 

The Fourth Glacier is fed by at least four short tributaries, each about to 3 miles 
long, that unite to form the trunk glacier (PL LXXXYI, B), which has a length of 
miles, a width of over a mile, and terminates approximately 500 feet above sea level, three 
or four miles east of Russell Fiord. The two Boundary Survey maps show it as a through 
glacier connected with the upper portions of the Hidden and Ylakutat glaciers, which in 
turn connect with glaciers descending to the Alsek valley. The through glacier divides 
between it and Hidden Glacier rise 3880 and 3750 feet respectively, that to Yakutat 
Glacier about 3500 feet. Over this latter pass prospectors state that one could start 
at the terminus of the Fourth Glacier and find open, ice-fiUed valleys over which 
sledging is not difficult, across various divides, and down different glaciers into the 
Alsek Valley. Fourth Glacier thus has complex relations with other glaciers, because 
these coast mountains receive such heavy snowfall that the valleys are drowned in ice, 
forming a network of through glaciers. 

Observaiions in 1909. That part of the Fourth Glacier which lies within the range of 
our observation is the lower two or three miles, or below where the tributaries from the 
direction of Hidden Glacier unite with those from the east. In the upper portion of this 
-observed section the glacier emerges from a broad valley enclosed in mountains of no great 
height, which because of the fact that they face the ocean, and lie not far from it, do not 
bear a heavy burden of snow. Farther back the mountains rise higher and the snow 
■cover is more extensive. The outer portion of the glacier is made by the union of two 
pairs of arms, and photographs show three medial moraines that are formed by lateral 
moraines from these tributaries. Above the terminus of the glacier two medial moraines 
swing over to the eastern margin and bwome lateral, the one on the east side being light- 
colored and that on the left dark-colored. A narrower medial moraine maintains a posi- 
tion near the east side.* 

'Atlas of Award, Alaskan Boundary Tribunal, Sheet 21. 

* Blackwelder, E., Joum. Geol., Vol. XV, 1907, pp. 417-418. 

■ A medial moraine shown in the Boundary Survey photograph swings over to the west side; but we have no 
Imowledge of its origin or relationships. 



Plate LXV 



Positions op North Edge op Tidal Arm op Nijnatak Glacier in 1905, 1906 and 1909 
From Station A (Map 4). See also Plate LXIV. 



B. Front of Nunatak Glacter in 1909, from the Top of the Nunatak 






Plate LXVII 



A. Nunatas Glacier in 1905 
Photograph from Station G (Map 4) . 



B. >fuNATAK Glacier in 1909 
From same point as upper view, showing recession in 4 years. 







Plate 



Front op Nonatak Glacieb in 1899 
Photograpli by D. G. Inverarity. Copyii^t, 1904, by E. H. Hi 



Plate LXIX 




PXATE LXX 



A. NuNATAK. GLACrER IN 1909 
Photograph from Station H (Map 4) . 



B. Ntjnatak Glacier in 1910 

Photograph from exactly the same point as upper view, showing advance in less than one year. 






Plate LXXII 



A. Cascading Glaciee eeom the Nunatae 
Showing hanging-valley conditions, the cascading of ice from ledge to ledge, and the ice 
sculpturing of the steepened valley slope, down which the water from the melting ice runs in 
numerous courses on the face of tie rock (dark bands) without forming valleys. Photograph 
taken July 24, 1906. 



B. Front of Hidden Glacier in 1899 
Outwash plain in foreground. Photograph by G. K. Gilbert. 



Pla-te 



OF Hidden Glacieb, North End in 1905 


Plate LXXIY 



A. Ice Cave neab Southebn Edge of Hidden Glacier 
From which mam stream issued July 25, 1905. 



B. Glacial Stream ON So'urft SiDfi of Vali5bt TsAiN’^V HibDE^^G m 1905 





PlATE LXXV 



A. The Outwabh Plain of Hidden Glaceeii in 1899 
Photograph from Station C (Map 5), by G. K. Gilbert. 



B. View Looking North along the Fosse 

Hidden Glacier on right; low mvel-veneered ice cliff on left, with several caves tliroiifrli which ctraiiti i* - 
The glacier is continuous across the fosse to the cliff. Overridden gravel terraces in ^ 

Photograph taken July 26, 1906. m 



Lajeigs KEirri/E on Pitted Qotwash Graved Plain, Hidden Glacier 

Thia kettle lies SOO yards from front of glacier at a point where the glader stood in 1899. Note overridden older gravels at mountain base. Photograph taken 

July 25 , 1905. Note man in the background. 


Plate LXXVII 



A. End of Hidden Glacter 

From gravel terrace on north aide of valley, June, 1899. Photograph by G. K. Gilbert. 



B. End of Hidden Glacibb in 1905 

Note pronounced receaaion. Glacier terminus barely sho^ on extreme left. Northern stream in 
foreground, hanging valley on south side of valley, glacier end just to left of fosse, and gravel plain in 
front on site of glacier end in 1899. 




Plate LXXVIII 



A. North Edge op Hidden Glacier Resting on Older Ice-Eroded Gravels 
The gash in the foreground ia formed by a stream from the ice. Photograph taken July 25, 1905. 



B. The Formerly "Hidden Glacier” 
What we saw when we rounded the point in 1909. 




PlATE 



ON West Shobe of Yakutat Bat in 1909 




A. Hidden Glacier in 1906 

Photograplied from Station A (]\fap 6), before the two-mile advance. 
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From the point of junction of the tributaries down to the glacier terminus the Fourth 
Glacier has a remarkably smooth surface over which one could travel with ease in any 
direction. In smoothness it reminds us of the Hidden and Variegated Glaciers in 1905. 



Fig. 15 , Fotjbth Glacier m 1906 , by Canadian Boundary Survey. 


It resembles Hidden Glacier also in the general absence of moraine cover, but in this 
respect it is widely different from the Variegated Glacier. Except for the lateral moraine 
on each margin of the glacier near the terminus, and the small medial moraine near the 
11 
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east margin and a small area of terminal deposits described below, the ice surface is so free 
from debris that it appears clear in the photographs. Examined in detail one finds a 
small amount of moraine material scattered over the surface but not in quantity sufficient 
to form a continuous sheet. 

The large proportion of clear ice in the Fourth Glacier, which resembles the con- 
dition of the Hidden, Nunatak, Orange, Hubbard, and Turner Glaciers, as contrasted 
to the d6bris**covered surfaces of such glaciers as the Butler, Haenke, Black, Galiano, 
Atrevida and Lucia, presents an interesting problem. Why should some of the glaciers 
have the condition illustrated in the Fourth Glacier and others the condition found in 
the Atrevida? In seeking to answer this question conclusively one would probably need 
to know more about the upper ice conditions in the larger glaciers, and whether the glaciers 
are actively moving, like the Hubbard, or slowly moving, like the imcrevassed Fourth 
Glacier. It is to be noted,however, that it is the larger glaciers that have the least amount 
of d6bris-cover. It is possible that the absence of debris is dependent upon the breadth 
of the valley, but under normal conditions the breadth of such a valley should diminish 
in the upper portions so that from the tributary sources, at least, such large quantities 
of d6bris would be supplied that it would form an ablation moraine over the wasting 
glacier end. The mere size of the valley in which the glacier ends does not, therefore, 
seem a sufficient explanation of the absence of ablation moraine in a region where so many 
glaciers have such extensive morainic cover. Only one h 3 q)othesis occurs to us which 
satisfactorily explains all the conditions, and this is that such glaciers as the Fourth, 
Hidden, and Orange, although large, receive their main snow and debris supply, not from 
the union of numerous small tributaries decending through narrow mountain valleys, 
but from snowfall upon broad ice divides and the avalanching of snow and rock on the 
mountain sides which enclose these through glaciers, with, of course, the addition of some 
small, short, relatively ineffective tributaries of the cascading type. By this explanation 
it would seem impossible for debris to extend in large quantities far enough out over tbe 
ice to furnish the material for a continuous cover of ablation moraine, while in such narrow 
valley glaciers as the Atrevida, debris would find its way out even to the center of the 
glacier. The absence of d6bris-cover on such active, clear-ice glaciers as the Hubbard, 
to which many narrow valley glacier tributaries doubtless contribute ice, may be due to 
the failure of ablation to lower the broken surface far enough to concentrate the debris 
by the time the iceberg-discharging sea cliff is reached. 

Three facts indicate that the Fourth Glacier is not now in a very active stage. These 
are, first, its smoothness, second the fact that its front does not extend to the mouth of 
the mountain valley, and third, the evidence that it is now rapidly receding. Its front 
lies well within the mouth of the mountain valley, and there i;g, therefore, no opportunity 
for its expansion to form a piedmont ice bulb. In this respect Fourth Glacier differs 
widely from the Atrevida, Lucia, and Marvine and other tributaries of the Malaspina 
Glacier. 

From the front of the Fourth Glacier two small streams emerge, one from either side. 
These fiow along the front and join a large stream which issues near the center. This 
medial stream course is determined by a depression between the steeply-sloping alluvial 
fans which were constructed during a recent stage when the marginal drainage pursued 
a course down each side of the valley. In the depression Beasley Creek is building a 
small alluvial fan. It then flows along the east side of the mountain valley to the mouth 
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and turns westward, finally entering the head of Russell Fiord. A similar series of 
stream channels, now abandoned, show where an outlet formerly went down the west 
side of the valley, and between that course and Beasley Creek is a high wooded hill of 
dissected outwash gravels, rising to considerable height on the end nearest the glacier 
front (PL LXXXVni). 

The clear ice of the glacier projects farthest in the center of the valley, at the point 
where the stream passes down the depression between the bordering alluvial fans. On 
the very outermost portion of this point is some debris, staining the surface and forming 
d6bris cones and ridges. Beyond this, in front of the apparent end of the glacier, is a 
border of hummocky, d6bris-covered ice (PL LXXXVH) with many hollows in which 
water stands. Kettles, recent cracks, and pools of cold water show that the buried ice 
extends between seven and eight hundred feet in front of the centre of the apparent 
end of the glacier. The debris-covering of this outlying portion of the glacier is in large 
part gravel, laid down by deposit from the glacial streams. D6bris-covered ice also 
projects beyond the front on both the margins of the glacier, where the lateral moraines 
give a covering which has checked recession. It is possible that ice also exists beneath 
the alluvial fans on the two margins of the valley, but no evidence of this was dis- 
covered. 

The d4bris-covered marginal and frontal portions just described form a part of the 
evidence of recent notable recession. Absence of vegetation both on the mountain side 
above the glacier and in the flat in front of it, give further evidence of prolonged recession. 
The barren zone above the ice extends to a height of from 60 to 100 feet. Above this are 
found alder thickets, and on the west side at a still greater elevation, above 300 feet, 
there is spruce growth. This spruce is mature and it therefore appears that, although the 
glacier is now receding and has been doing so for some time, it has not expanded more than 
300 feet above its present level for many years. At a distance of something more than a 
quarter of a mile from the glacier front, alder five or ten years old is growing, and cotton- 
wood and spruce trees have advanced to within half a mile of the ice front. 

These facts prove that the Fourth Glacier has been slowly receding for a considerable 
time, and that it has not been so greatly expanded as to reach beyond its mountain valley 
for many years, probably for more than a half-century. That it was, at some earlier 
stage, far more extensive than now, is made evident by the steepness of its valley walls 
and the presence of eroded spurs and numerous hanging valleys with lips from 600 to 1600 
feet above the valley bottoms. The steepened slope and hanging valleys extend down 
beyond the end of the glacier even to the valley mouth. We may, therefore, safely infer 
that during an earlier stage, probably when Russell Fiord Glacier extended out on the 
foreland, and Yakutat Bay Glacier to the sea, the Fourth Glacier reached well out beyond 
its mountain valley and expanded in a piedmont ice bulb which perhaps coalesced with 
the RusseU Fiord Glacier. One piece of evidence bearing upon this question of former 
extension of Fourth Glacier, is the fact that while the glacier is not now bringing crystal- 
line rocks, but only sedimentaries from the Yakutat group, the gravels and bowlders in 
. the stream bed beyond the mountain front include many ciystaUine rocks. The inference 
from this fact is that during the earlier expanded stage of the Fourth Glacier it received 
ice supply from a more distant source than now, in a region where crystalline rocks form 
the mountain walls. This source may have been at least as far back as the upper reaches 
of the Hidden Glacier. In aU probability during this stage, the direction of ice flow in 



164 


ALASKAN GLACIER STUDIES 


ttds system of through valleys was different from the present, and it is i)Ossible that the 
breadth and flatness of the high divides of the present day are in large part the result of 
the flow of ice across the divides from which the glaciers now descend in two directions. 

Although we had not visited the Fourth Glacier before 1909, we are convinced from its 
present condition that it has not yet been subjected to a forward thrust as a result of the 
influence of the 1899 earthquakes. Had it been, its surface would have necessarily re- 
tained some evidence of the former breaking, for it is inconceivable that ablation could 
have so reduced the irregularities as to have made such a smooth surface as the present. 
Four years of ablation on Variegated Glacier have made it possible to again travel over 
the surface, but has still left the surface so rough that one must use care in such travel^ 
ing. Granting even six or seven years of ablation, which is the maximum which could 
possibly be inferred, a badly-broken ice surface could not be reduced to such smoothness 
as was observed on the Fourth Glacier. Further proof that this glacier has not been 



Fig. 16 . Sketch Map or Foubth Glacoje in 1909. 


subjected to a spasmodic 
advance of considerable pro- 
portions is found in the fact 
that the glacier front and 
margins are fringed by ex- 
tensive areas from which the 
glacier has receded. With 
recent advance imder earth- 
quake impulse evidence of 
the reverse condition should 
bepresent (PI. LXXXVIII). 
We feel confident, therefore, 
that Fourth Glacier has not 
yet responded to the in- 
fluence of the earthquake 
shocks. It was not visited 
in 1910 but its stream delta 


seemed unchanged at that 

time. Prospectors used it as a highway in 1898 and 1899 and in several years since, 
and we have heard no report of its being crevassed and impassable during the last ten 
years from these men, some of whose sledges and snowshoes we found on the glacier 
surface in 1909. 


It is possible that the Fourth Glacier may never advance under the earthquake im- 
pulse, provided its supply ground did not receive extensive avalanches in 1899, but about 
this we caimot be certain. However, from such indications as we have concerning the 
conditions under which Fourth Glacier is supplied, we infer that it will ultimately respond 
to the impulse. It is, therefore, one of the glaciqrs which should be examined in future 


expeditions to the Yakutat Bay region. Two photographic stations were established 
in 1909, from which future observations may be made, and a sketch map of the ice front 
and its surroundings was made (Fig. 16). This, however, should be understood to be 


merely a record of general forms, the contours not being determined carefully, and all 
being located with respect to a single aneroid determination of altitude. 
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Smalleb Glaciehs 

Besides tLe glaeiers described in the preceding chapters there are a large number of 
minor glaciers in the Yakutat Bay region, many of which have as yet received no names. 
Some of the larger of these were named and briefly described in the reports on our 1905 
and 1906 expeditions.^ It does not seem important to repeat these descriptions here, 
though these glaciers present many interesting features, in detail, one of the most note- 
worthy being the broad extension of sheets of ablation moraine over their lower surfaces. 
Many of them resemble the Galiano and Atrevida Glaciers in this respect, though they 
lack expanded piedmont bulbs, since they no longer extend beyond the mountain front. 
Some, however, reach far down the mountain valleys, and one or two almost to the valley 
mouth, ending in low, undulating, moraine-covered surfaces, fringed by barren areas 
indicative of recent recession. 

In 1909, 1910, and 1913 we made no additional observations upon these glaciers 
except to look at some of them from a distance. From this second view, and from a 
reconsideration of observations and photographs made in 1905, and in the light of the 
remarkable changes in some of the other glaciers observed in 1906 and 1909, we have 
concluded that there is reason for believing that some of these smaller glaciers had 
been subjected to advance and breaking between 1899 and 1905 as a result of earth- 
quake shaking. Indications of this are best seen in the three glaciers on the west side 
of upper RusseU Fiord, namely McCarty, Hendrickson and Rasmussen Glaciers. In 
1905 the lower portions of the last two of these glaciers were completely covered, from 
side to side, with ablation moraine, having a very rough, hummocky surface. 
The McCarty Glacier was moderately crevassed but clean in its upper and middle 
portions (PL LXXXIX, B). Not then knowing the signs of recent advance, which we 
have since learned to interpret, we did not see, in the conditions of these glaciers, proof of 
recent advance and breaking. It is to be noted also that we woidd not have detected 
evidence of this even in the Galiano Glacier were it not for the fact that we had for com- 
parison Russell’s photographs and descriptions of the condition in 1891. 

Re-examining the photographs of the small glaciers mentioned, we find the ablation 
moraine smface to be rough and angular, as if recently broken. It is noted also that 
there is complete absence of vegetation upon these moraine surfaces. This fact is per- 
haps the beat evidence of recent advance, for the moraine is, in places, thick enough 
to support a growth of vegetation, and there is abundant alder growth on the hillsides 
above the glaciers. Its absence, therefore, does not seem possible of explanation either 
on the theory of failure of vegetation to advance or on the theory of prevention of growth 
through undermining and slumping. From distant views of these glaciers in 1909, we 
convinced ourselves that the ablation moraine was less rough than in 1905. 

From this reconsideration of the evidence, in the light of subsequent discovery of the 
nature of phenomena to be expected as a result of a spasmodic advance of glaciers, we 
are inclined to believe that Galiano . Glacier was not the only small glacier in this region 
to respond to the earthquake impulse prior to 1905. How many glaciers did advance 
in that interval will probably never be known, but it seems probable that many of 
the shorter glaciers were subjected to an advance and breaking within a few years after 

1 Tarr, R. S. and Martin, Lawrence, Glaciers and Glaciation of Yakutat Bay, Alaska, Bull. Amer. Geog. 
Soc., Vol. XXXVni, 1906, pp. 161, 162; TaiTi R. S., The Yakutat Bay Region, Alaska, Professional 
Paper 64, U. S. Geol. Survey, 1909, pp. 66-68. 
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the earthquakes shook down avalanches into their reservoirs. Among others we especially 
suspect that there was an advance of Blossom Island Glacier whose outer, moraine- 
covered surface was veiy rough in 1906 and whose front extended far beyond the moun- 
tain valley, and of Hendrickson Glacier which had moraine-covered ice resting upon 
overridden gravels in 1905, the moraine being entirely free from vegetation. McCarty 
and Rasmussen Glaciers may also have advanced before 1906. 

Faixen Glacieb 

One of the most spectacular events in the recent glacial history of the Yakutat Bay 
region was the downfall of one of three small glaciers perched in steeply-sloping valleys 
on the west side of Disenchantment Bay. These three glaciers were so steeply perched 
in their hanging valleys as to attract our attention, and we were led to photograph them 
from the fiord on the Srd of July, 1906, as had been done in 1890 by Russell, in 1895 
by the boundary surveyors, and in 1899 by Gilbert. It happened that this day, July S, 
1906, was the last day in the existence of one of these glaciers, the southermost, which 
we now call Fallen Glacier. This glacier is estimated to have had a length of approxi- 
mately a mile, and was supplied chiefly from a steep mountain crest down which the 
snow slid into a spoon-shaped cirque about halfway down the slope. From this amphi- 
theatre the ice protruded as a crevassed, cascading tongue, the lower end lying at an ele- 
vation of about 1000 feet above the fiord, and separated from it by an ice-steepened 
rock slope. On the 4th of July, the day after we photographed the glacier, the entire 
glacier mass slid out of its valley and a large part of it tumbled into the fiord. The 
fall of so much ice into the water started a water wave which rose to a height of 110 
feet on the shore just south of the glacier, breaking off alder bushes at that elevation. 
Three miles to the north, near Turner Glacier, the water wave killed vegetation at an 
elevation of 55 feet, and a wave swept across the north end of Haenke Island at an ele- 
vation of 50 or 60 feet. At that point in one place where it was locally concentrated, 
the wave washed out good-sized alders at an elevation of 115 feet. 

In addition to the breaking off and uprooting of alder bushes, the wave caused much 
erosion wherever it came into contact with unconsolidated deposits, cutting small 
cliffs and gullies in the till and alluvial fans. The annual plants were killed up to the 
elevation which the water wave reached, and in succeeding days it was possible to trace 
the level to which the wave rose by the zone of parched brown grass and other vegeta- 
tion killed by the bath in salt water. Small icebergs were left stranded far above high 
tide in several places, a number being found on the site where our camp had stood on the 
day before the fall of the glacier. We had fortunately moved our camp a distance of 
about 15 miles, to a new site in Russell Fiord, where we were separated from the glacier 
fall by Osier Island, and by the high mountainous point above it. 

At the time of the glacier fall we were working along the coast east of our camp and 
were suiprised by the appearance of a series of waves, which at first were ascribed to some 
unusually large fall of icebergs from Hubbard Glacier; but since the waves increased 
in height until they finally rose 16 or 20 feet above the water level, and since they were 
much higher than any previously observed iceberg waves, and lasted much longer, we 
inferred that they must be the result of an earthquake, until the next day, when one of 
our native packers, returning from Yakutat, gave us the true explanation of the phe- 
nomenon. The native further stated that this was the third time that this glacier had 
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fallen from its valley, though on questioning him it was evident that the tradition re- 
ferred merely to the falling of a glacier from its valley on the west side of Disenchantment 
Bay, not surely this one each time. The last fall, which he said occurred about sixty 
years before, he reported to have destroyed 100 natives who at the time were encamped 
at their summer sealing camp a few miles south of Haenke Island. Fortunately at the 
time of the 1905 fall the natives had all left the bay. 

By the avalanching of this glacier, its valley was completely emptied of ice, with the 
exception of a small remnant of steeply-perched n6vfe and a few minor ice fragments 
near the edge of the cirque. The walls and bottom of the cirque were of bare rock, and 
the avalanche, which spread out fan-shaped at the mountain base, had swept away the 
soil, and for a width of half k mile had killed the alder growth which previously grew 
at the cliflF base beneath the glacier. The larger part of the glacier fell into the fiord, 
probably most of the ice floated away, while the loose dfebris sunk to the bottom. Some 
of the glacier ice remained at the base of the cliff, pushing the coastline outward slightly 
and forming a new shore line of angular rock-dfebris. That ice existed beneath this was 
evident from the fresh faulting and slumping of the surface in 1905. 

In 1009 we again crossed this area and found that ice still existed beneath the d4bris 
that was swept out of the mountain valley in 1905. The cirque valley of Fallen Glacier 
is beginning to be again filled with snow, and the place of the former glacier is now 
covered by one of the largest snowfields on this mountain face (PI. LXIX). There has 
not yet been suflBcient accummulation of snow to cause the redevelopment of the glacier, 
but we have here the early stages of formation of a new, small, perched glacier which 
may perhaps be reaccummulating to once more avalanche out of its valley, when a 
sufficient amount has gathered here to again render its position unstable. 



CHAPTER X 


THE EARTHQUAKE ADVANCE THEORY 

The Problem. The facts stated in the previous chapters mate it clear that the glaciers | 

of Yakutat Bay have in recent years been undergoing a series of changes of unusual ! 

character. Prom a state of stagnation a number of them have sprung into sudden 5 

activity and then, with almost equal abruptness, have relapsed again into a state of j 

stagnation. The transformation has affected different glaciers at different times and 
in different degree, and some of the glaciers have not been affected at all. So far as we 
know, such spectacular changes have not hitherto been recorded. The advance of " 

Vemagt'Pemer in the Tyrolese Alps is a case analogous to these, but is only a single 
instance in a glaciated region, and it differs in notable respects from the advancing 
Yakutat Bay glaciers. The advance of two glaciers in Icy Fiord, Spitzbergen, and the 
advance of glaciers reported from the Himalayas are too little known to offer basis for ^ 

comparison. The solution of the problem of the cause for these changes must, there- j 

fore, be based mainly upon the facts which the Yakutat Bay region presents. j 

Upon the basis of the comparative observations of 1905 and 1906 the senior author j 

has proposed the theory of avalanching during earthquake shaking, rather than increase | 

of snowfall with climatic oscillations, as the explanation of the phenomena of advancing f 

glaciers in this region.^ The observations of 1909, 1910, and 1913 add important and : 

significant facts to those previously observed, and among these facts are several tending 
toward the verification of the theory, and none opposed to it. With these new facts 
we are in a position to more fully discuss this theory than was hitherto possible. This 
discussion will be prefaced by a summary of the significant facts of observation which 
have already been presented in some detail under the description of the individual glaciers. 

Summary of the Phenomena. In recent years, up to Gilbert's visit in 1899, the general 
history of the Yakutat Bay glaciers had been one of recession; and in most of them the 
recession continued to 1905, and in some even to 1913. This recession was apparently 
a stage in the withdrawal of the glaciers from positions to which they had readvanced 
after a period of recession even greater than the present. During this earlier advance 
Nunatak Glacier had pushed northwestward into the lower portion of RusseU Fiord, 
and also southward up the fiord imtil it joined the Hidden Glacier and the united ice 
stream advanced far up toward the head of the fiord. From this advanced position the 
recession of the glaciers has been both rapid and recent, and in the case of the Hidden 
Glacier has continued until 1906 or 1907, and in the Nunatak Glacier until 1909. It 
is not certain that this recession was not interrupted by halts or minor advances; but 
there is no evidence of this, and certainly, during the period of observation, that is 

I Tair, R. S., Recent Advance of Gladera m the Yakutat Bay Region, Alaska, Bull. Geol. Soc, Amer., Vol. 18 , 

1007, pp. 277-280; The Yakutat Bay Region, Alaska, Professional Paper 84, U. S. Geol. Survey, 1909, pp. 00-95; 

The Theory of Advance of Glaciers in Response to Earthquake Shaking, Zeitschrift ftlr Gletscherkunde, Band V, 

1910, pp. 1^5; Tarr, R. S. and Martin, Lawrence, Professional Paper 09, U. S. Geol. Survey, 1912, pp. 51-61. 
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since 1899, there has been no interruption as great as the advance of the Hidden 
Glacier in 1906 or 1907. 

In 1905 evidence was found to prove that Galiano Glacier had undergone great changes 
since last observed and photographed in 1891. Its moraine-covered surface had been 
so broken as to completely destroy an alder and cottonwood thicket that grew on it in 
1890 and 1891, but ablation had healed the broken surface so that one could easily travel, 
over it in 1905. There is some evidence that the front of the ice bulb advanced, and sound 
basis for the inference that there was lateral spreading toward the valley walls, destroy- 
ing marginal drainage. The changes in the gl^er condition extended to a hitherto 
undiscovered, stagnant, oflF-lying ice mass on which an alluvial fan had been deposited,, 
and by the advance this fan was destroyed and its place in large part taken by moraimc 
mounds thrust up through it. We have no means of positively determining in which 
of the fourteen years between 1891 and 1905 these changes occurred but photographs 
make it certain that it was after 1895, and we infer that it was in 1900 or 1901 because 
of the age of the alder bushes that have again begun to grow on the moraine. Other 
facts inchcate recency of the change, such for example as the imperfect redevelopment of 
marginal drainage, and of the alluvial fan between the morainic knoUs. Furthermore, 
we are at a loss to explain the transformation of this glacier on any other hypothesis 
than the eflfect of earthquake shaking, and are forced to the conclusion that the advance 
is the result of a response to the shaking during the earthquakes in September, 1899. 
The Galiano Glacier, whose response was so rapid, is a very short glacier, with steep 
valley sides and head, on which in September deep snows had already been added to 
the extensive snowfields and steeply-descending glaciers. Evidence that there has 
been extensive avalanching from these steep slopes was readily discovered by a com- 
parison of the 1891 photographs with the condition in 1905; and even in 1909 the spaces 
from which large masses of ice had fallen after 1891 were not yet reoccupied by ice. 

It seems probable, though the facts do not conclusively prove it, that other small 
glaciers, similar to Galiano Glacier, had undergone a like change a short time before the* 
expedition of 1905. Had we then had suspicion of the possibility of such glacier trans- 
formation we might have discovered evidence which is now obscured by ablation. The 
glaciers which gave the best indication of having undergone changes sunilar to thoso 
of the Galiano are McCarty, Hendrickson and Rasmussen Glaciers on the west side 
of Russell Fiord, and the Blossom Island Glacier just north of Blossom Island east of 
Marvine Glacier. It is probable that some of the small glaciers have failed to show 
evidence of notable response to earthquake shaking because of the small supply of snow 
and ice thrown down upon them. Of one such glacier, the Black Glacier, the one nearest 
the Galiano, the evidence is convincing that there has been no distinct advance of the 
end, no pronounced lateral spreading, nor sufficient breaking of the surface to destroy 
the alder growth upon it. Not having yet advanced as a result of the 1899 earth- 
quakes, we assume that thia and other similar glaciers will probably not do so in the 
future. 

In 1906 four glaciers, the Haenke, Atrevida, Variegated, and Marvine, had become 
absolutely transformed from their condition in 1905. Three of these glaciers are of about 
the same order, and it seems natural that they should advance essentially together. 
Moreover, their size is such in comparison with the Galiano that it is not diffi.cult to 
understand why they should require so much longer to respond to the earthquake 
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shaking. The Marvine Glacier, on the other hand, seems to be niuch larger than either 
of these, and certainly is if the Malaspina extension of Marvine Glacier is included. We 
do not know what the conditions are in its upper portion, and it is possible that the ad- 
vance is the result of a thrust from some of the shorter tributaries; or it may be true 
that this glacier is a steep one, though broad and flat where it emerges from its moun- 
tain valley, ejqjanding far beyond the mountains because of large supply grounds at no 
great distance back in the mountains. The best map of the region that we have indicates 
that the latter is true, and that the Marvine Glacier is little if any longer than the Varie- 
gated Glacier and much shorter than the Lucia Glacier. If this is not true, it is cer- 
tainly noteworthy that this glacier should have advanced as early as the Atrevida, and 
three years before the Lucia did. If we could depend absolutely on the map the question 
would be easily settled. 

By the advance of these four glaciers the ice surface was in each case profoundly 
broken, being transformed from a surface over which one could easily travel in 1905 to 
one which was utterly impassable in 1906. In at least two cases, the Atrevida and Varie- 
gated Glaciers, there was a lateral spreading of the ice within the mountain valley, closing 
up marginal valleys which had previously existed. In these two cases, and probably 
in the others also, there was a pronoimced thickening of the glacier at and beyond the 
mountain valley mouth. Three of the glaciers — the Marvine, Atrevida and Variegated 
— ^terminate in expanded piedmont bulbs, and in each of them the breaking of the ice 
surface extended into these ice bulbs, in the Marvine reaching to the very outer edge, 
but in the two others failing to affect the outermost parts of the stagnant ice. From 
this we infer that the thrust in the Marvine Glacier was the most pronounced of all 
and this inference is supported by the further fact that the extent of the area of broken 
ice was far greater in the Marvine than in the other glaciers. The area of broken ice 
visible in the Marvine Glacier, and its continuation in the eastern lobe of Malaspina 
Glacier, was fully 15 miles in length and from 8 to 10 miles wide in the broadest part; 
in Atrevida and Variegated Glaciers the broken ice occupied an area whose length was 
between 5 and 7 miles, with a breadth of ^ or S miles in the broadest part. All four of the 
glaciers advanced along theirfronts andmargins, the greatest advance being in the Haenke 
Glacier, the only one whose terminus was confined between mountain walls. Here the 
front of the glacier was pushed forward nearly a mile and it was transformed from non- 
tidal to tidal condition by the thrust. The forward motion in the other three glaciers 
was partly dissipated i^n breaking the piedmont area and partly in thickening the ice 
in it; but some of the thrust was effective in pushing the margius of the piedmont areas 
outward. This was clearly shown in Variegated Glacier by the overriding of a granite 
gorge; in the others by the advance of the margin into the fringing forest. 

Thus, any theory which will account for the transformation of these glaciers, must 
explain not only change from stagnant condition to activity, and from smooth to broken 
surface, but also actual forward movement and pronounced thickening of the glaciers. 
The theory must also account for the suddenness of the change. At least three of the 
glaciers, Atrevida, Haenke, and Variegated, and probably also a fourth (the Marvine) 
passed through the complete cycle in approximately one year. In the last of August, 
1905, they showed almost no evidence of change, though in the Atrevida and Marvine 
Glaciers there were observed phenomena in 1905 that were later interpreted as the begin- 
ning of the advance; in June, 1906, all four glaciers were utterly transformed. The 
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change was as spasmodic as it was absolute* and we know of no better phrase with which 
to characterize it than to call it a glacier flood. Not only was the advance abrupt, but 
its termination was equally so, for it ceased with the season of 1906, and since then abla- 
tion has been at work healing the broken ice which has again relapsed into a stage of 
stagnation. The theory must, therefore, account for an abrupt and absolute cessation 
of the advance as well as for the spasmodic advance itself. 

Between 1899 and 1901, and also between 1906 and 1909, there have been slight 
fluctuations in the fronts of Turner and Hubbard Glaciers, which may be due to thrusts 
from tributaries; but there has been no notable advance of these great tidal, glaciers, 
although in 1909 Hubbard Glacier showed signs of the beginning of an advance which 
in 1909 we thought might prove to be of importance. Since, however, it was not followed 
in 1910 by a distinct forward movement we infer that it is not an advance comparable 
with those of the other advancing glaciers. Between 1906 and 1909 only one glacier, 
the Hidden, suffered advance, probably in the season of 1907. When last seen in early 
July, 1906, its terminus was in the same smooth, stagnant condition as in 1899 and 1905; 
but in early July, 1909, its front was about two miles farther down its valley. There 
had been accompanying spreading on the margins and a thickening of at least eleven 
hundred feet where the glacier terminus stood in 1905. With the advance came pro- 
found breaking of the surface, and, succeeding it, ablation in sufficient degree to render 
the surface passable. Thus the Hidden Glacier has repeated the phenomena of the 
other advancing glaciers, but the advance of its front has been greater than that of any 
other. Its change from stagnant to active condition and back again to stagnation was 
abrupt and all compassed in a short time, probably not over a year. 

In 1905 and 1906 Lucia Glacier showed no sign of past change, but in 1909 its moraine- 
covered lower portion, and also the valley glacier above, was greatly crevassed, there 
was a lateral spreading in progress, and a distributary on the western side had advanced 
notably, while the ice had surrounded and piled upon the northern end of the nunatak 
near by. There was evidence that the advance and breaking had only recently begun 
and was still in progress. The surface was not so broken as the other glaciers, and the 
effect of the advance had not extended so far out in the stagnant piedmont bulb as in 
the case of the neighboring and contiguous Atrevida Glacier in 1906. Hubbard Glacier 
in 1909 showed an even earlier stage in advance than Lucia Glacier. Its eastern margin 
was newly broken, but what had occurred farther out in the glacier could not be told 
because the surface of this active glacier has been severely crevassed, except at the very 
margin, diuing the entire period of observation. However, the front of the glacier had 
moved forward somewhat since 1906 and there was evidence that the north arm had 
become more powerful. There was little additional advance in this arm between 1909 
and 1910, though the west part of the glacier had continued the slower advance. 

In 1910 the Nunatak Glacier began to advance and up to June its tidal front had come 
out 700 to 1000 feet with some thickening, but, because confined in a narrow fiord, with 
practically no lateral spreading. This seems to have been the whole of the advance and 
is probably to be ascribed to a response to a thrust from a single small tributary. 
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TABtriiAB Summaby of Advances Since 1899 Eahthquakes 


Year of Advance 

Name qf Glacier 

Length qf Glacier 

After 1895 and before 1905 

Galiano 

2 or 3 miles 

Between 1899 and 1901 

Miller 

1 

3 or 4 miles 

1905-1906 

2 

Haenke 

6 or 7 miles 


Atrevida 

Smiles 


Variegated 

10 miles 


Marvine 

10 miles (excluding expanded lobe 



in MaJaspina) 

1906-1907 

Hidden 

3 

16-17 miles 

1909 

4 

Lucia 

G 

17-18 miles 

1910 

Nunatak 

20 miles 


1 Perhaps Hendrickson, Rasmussen, McCarty, and Blossom Island Glaciers, each 1 to 2} miles long. 

* Perhaps Turner between 1899 and 1901, and Hubbard between 1809 and 1901, and Hubbard between. 
1901 and 1905. 

» Perhaps Turner between 1906 and 1909. 

* Northwestern arm of Hubbard. 

* South arm of Hubbard. 

Generaliziiig the facts observed in the various glaciers, during our five seasons of 
observation, it may be said that certain glaciers, nine certainly and perhaps six others,, 
present evidence of an abrupt and absolute transformation within a short time, and then,, 
. in every case, a sudden return to their former condition. Among the glaciers that have 
advanced there is a general agreement between size of the glacier and time of the advance,, 
as shown in the tabular statement above. The Galiano, which advanced before 1905,. 
is one of the smallest visible glaciers of the region and Miller Glacier, which advanced 
between 1899 and 1901, is Kttle if any larger; the four that advanced in 1905-6 are larger 
than the Galiano and Miller, though not among the largest Yakutat Bay glaciers; the 
Hidden Glacier, which advanced later, probably in 1907, is still larger; the Lucia, which 
advanced in 1909, is larger than the Hidden; and the Nunatak, which advanced in 
1910, is larger than the Lucia. The one apparent exception to this order of appearance 
of the advance is the Marvine-Malaspina Glacier, whose valley portion falls in its- 
proper place in order of size, if we may accept the map as correct. Two of the largest 
and most active glaciers (Turner and Hubbard) have had no notable advance, though 
there have been some fluctuations of their fronts, perhaps representing response to 
thrusts from shorter tributaries. For some of the smaller glaciers, we have no proof of 
an advance; but, in the case of some of the smaller of these, this may be due to our failure 
to recognize evidence of an advance that was completed before 1905; in other small gla- 
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<;iers, and certainly in one. Black Glacier, there has been no advance, and probably will be 
none because of unfavorable conditions in the reservoirs. The fact that some of thelarger 
glaciers, like the Seward and Hubbard, have not yet undergone transformation can 
hardly be due to this cause; and it is reasonably safe to predict a change for them also, 
when time enough has elapsed for the impulse to pass from their distant reservoirs, 
through the long valley ice streams to tieir fronts. When one of the large tidal glaciers 
responds the series will be complete for this region. 

Elsewhere in Alaska there has been no analogous transformation of glaciers, so far 
*as can be learned. Such inquiry as we have been able to make reveals no evidence of 
recent notable change in the glaciers of southeastern Alaska with the exception of Gla- 
cier Bay; and our studies to the northwest of it, in the Copper River and Prince William 
Sound regions, and those of Professor Grant in the latter region and the Kenai Penin- 
sula, fail to discover evidence of changes of like character in the glaciers of these sec- 
tions. As is stated in the chapters describing our observations in Prince William Sound, 
there have been some recent changes in several of the glaciers, but nothing that compares 
with the remarkable changes in the Yakutat Bay region. We feel warranted, therefore, 
in concluding that the spasmodic advance and absolute transformation of glaciers dur- 
ing the past 15 years is a phenomenon of Yakutat Bay and vicinity. That past changes 
of similar character may have occurred in other parts of Alaska seems probable; and it 
is believed possible that certain advances noticed in the Glacier Bay region, and else- 
where in Alaska, are similar in origin to the advance of the Yakutat Bay glaciers but 
with less intense cause, and consequently with less spectacular results. 

An examination of the records of changes in glaciers in other regions has failed to dis- 
cover either transformation or spasmodic advance by a group of glaciers of like nature 
to the phenomena of Yakutat Bay. There are many instances of forward movements 
succeeding periods of recession, and some of them have been spasmodic in tiieir nature; 
but so far we have been unable to find anything comparable to the changes described in 
the preceding chapters. In this respect the glaciers of Yakutat Bay are unique among 
the glaciers of the world, so far as the literature which we have seen goes to show. 

It is noteworthy, also, that in September, 1899, the Yakutat Bay region was the 
center of a series of earthquakes of great intensity; two or three of them ranking with 
the greatest of recent earthquakes.^ For three weeks the region was repeatedly shaken, 
and there were hundreds of shocks in all. In our reports upon these earthquakes abun- 
dant evidence has been presented to prove that during the earthquakes there were fre- 
quent and enormous avalanches of snow, ice, and rock. These avalanches have not 
only been testified to by prospectors encamped within Disenchantment Bay during the 
earthquakes, who saw and heard them fall, by the natives who report that certain moun- 
tain faces were “completely changed” by the earthquakes, but by our own observation 
of exceedingly abundant, fresh avalanche scars upon the moimtains, far more abundant 
than in other moimtain regions of Alaska that were not severely shaken during these 
earthquakes. Comparison of photographs taken before the 1899 earthquakes with those 
taken after it show conclusively what large areas of avalanches there were in those places, 

* Tarr, R. S. and Martin, Lawrence, Recent Changes of Level in the Yakutat Bay Region, Alaska, Bull. 
Geol. Soc. Amer., Vol. 17, 1906, pp. 29-64; Geog. Joum., Vol. XXVIII, 1906, pp. 30-42; The Earthquakes at 
Yakutat Bay, Alaska, in September, 1899, Professional Paper 69, IT. S. Geol. Survey, 1912; Martin, Lawrence, 
The Alaskan Earthquakes of 1899, Bull. Geol. Soc. Amer., Vol. XXI, 1910, pp. 339-406. 


174 


ALASEAN GLACIER STUDIES 


In other parts of the St. EKas Range, geologists, army officers, prospectors, and others 
saw and heard many great avalanches during the earthquakes, although some of these 
observers were several hundred miles from the earthquake centre; but in these remote 
regions the avalanches were not in such abundance as near Yakutat Bay. 

One who has read Russell’s vivid descriptions of the great avalandies in the valley 
of upper Newton glacier ^ in 1890 and 1891, some of which advanced a half mile across 
the glacier, or who has seen Sella’a wonderful photographs ® of the avalanche-scarred 
slopes near the heads of the glaciers of Mt, St. Elias in 1897, in both cases representing 
avalanching under normal conditions, not under the exceptional conditions of three 
weeks of earthquake shocks, and who has noted the enormous area of snow slopes in 
unstable equilibrium near Yakutat Bay, could have no serious doubt of the tremen- 
dous accessions of snow and ice that might have been received by many of the Yakutat 
Bay glaciers during September, 1899. Upon these evidences, we are convinced that 
there can be no question but that there was, in that year unusual addition to the reser- 
voirs of the glaciers of Yakutat Bay and vicinity. The mountains here are lofty, with 
steep slopes, and the snowfall is very heavy. The same statement applies to other 
parts of the mountains of the Alaskan coast region, it is true; but, although these 
other sections have experienced earthquakes, none have suffered such severe and con- 
tinued shaking since Alaska began to be settled by white men as the Yakutat Bay 
region was subjected to in September, 1899. That period of shaking was notable for 
its intensity and duration, even in a region of frequent and severe earthquakes. If the 
avala n c hi ng of snow and ice to glacier reservoirs is competent to cause an advance in 
the glacier termini, the advance resulting from that particular period of shaking should 
be notable for its extent and intensity. Lesser shaking might well cause slower and less 
spectacular advances, ' of which the slighter forward movements of the glaciers of 
Alaska and other regions may be instances; but vigorous shaking, continued through three 
weeks, may well produce additions to the glacier supply that cannot be disposed of in 
so simple a manner. 

Until the studies of the Yakutat Bay glaciers in 1906 the theory of advance of gla- 
ciers in response to earthquake shaking had not seemed called for in explanation of the 
phenomena of glacier fluctuations, Prom the studies of that year it became evident 
that some unusual cause was necessary to explain the remarkable changes observed in 
the glaciers, and the earthquake theory was therefore proposed. Our later studies 
have discovered new facts in support of this theory and none opposed to it. In view of 
the newness of this theory, and of its possible application to glacier advances in other 
regions, we deem it worth while to state it fully, to give a complete statement of the rea- 
sons why it seems to be necessary, and to state the facts which support it. 

Failure of Other Theories, One of the main reasons for proposing the new theory of 
advance due to an impulse derived from earthquake shaking is the failure of all other 
explanations suggested. It was evident that we had here such a strong expression of 
some cause for glacier advance that we were warranted in considering not offiy current 
theories, but unusual and even apparently improbable theories, and in inventing for 
consideration any that might by any possibility explain the phenomena. Little or no 
help could be obtained from observations in other regions, because the phenomena 

1 RuflseU, I. C., Nat. Geog. Mag., VoL lO. 1891, pp. 1^5-166; 18th Ann. Kept, U. S. Geol. Survey, 1892, p. 50. 

* The Ascent of Mt. St. Elias, London, 1900, photograph facing p. 180, and many others. 
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observed in Yakutat Bay were quite different in degree and in character from those 
of other regions. 

Hypothesis of Climotie Variation. The consideration of the problem naturally began 
with the commonly-accepted theory for fluctuations in glacier fronts — ^response to varia- 
tions in snowfall in the glacier reservoirs. No one questions the rationality of this theory 
when applied to such slow advances and recessions as occur, for instance, in the Alps, 
where for a series of years ice fronts advance or recede slightly; but it is a question worthy 
of careful consideration whether this cause is also competent to explain the spectacular 
changes observed in the Yakutat Bay region. 

In considering this question it is to be borne in mind that we have to account for the 
sudden advance of nine or ten glaciers in a limited region, and that these glaciers vary 
in size and in the conditions of their reservoirs. 

Under the theory of climatic variations it would be necessary to assume that after 
a period of a half century, or thereabouts, of snowfall not quite sufficient to hold glacier 
fronts in their position, thus giving rise to stagnation in their outer portions, and ac- 
companying recession, the snowfall abruptly increased and enough fell to produce these 
startUng phenomena. Then come a cessation of the excessive snowfall as abrupt as the 
beginning. In other words, in a limited area there must have been a great increase 
in snowfall for a few years and then a return to the normal. It must be insisted, too, 
that the phenomena of advance show clearly that the transformation could not be 
accounted for by moderate increase in snowfall. Only a very notable addition to the 
reservoirs could bring about so spasmodic and so great a forward movement. 

In the hope of getting some light on the question of variation in snowfall in this re- 
gion we have examined the precipitation data for stations on the Alaskan coast within 
a distance of 250 miles to the southeast and an equal distance to the northwest.' These 
records, though fragmentary, prove, what is otherwise well known, that there are great 
variations in amount of precipitation from place to place along this coast, and since the 
nearest of these stations is 150 miles distant from Yakutat Bay, it is evident that no safe 
deduction can be drawn from the recorded precipitation in an interpretation of varia- 
tion in snowfall on the slopes of the St. Elias Range. We do not know whether the pre- 
cipitation on the mountain slopes is greater or less than at Sitka or Nuchek, nor do we 
know how it varies with elevation or exposure, nor whether an increase in precipitation 
at Sitka was associated with an increase on the slopes of the St. Elias mountains. After 
a careful consideration of the question we have become convinced that no definite or 
satisfactory discussion of the subject is possible on the basis of existing records of 
precipitation. On one point, however, there is noteworthy testimony from the records, 
namely that, for some reason, there is, at least locally, a very decided variation in pre- 
cipitation. If the records are accurate, there has been at Sitka, 250 miles southeast of 
Yakutat, a variation in rainfall of from 59 inches in 1872 to 140 inches in 1886. From 
1848 to 1876 the average precipitation was 79 inches, and in no year did it rise above 
94 inches, while in only two years did it fall below 65 inches. Up to this time the precip- 
itation was fairly regular, but a precipitation of 77 iUches in 1876 was followed by one 

1 Based upon records made by the Russians and published in House Ex. Doc. 177, 40th Congress, 2nd Ses- 
sion, Washington, 1868, pp. S84-6, 887; upon U. S. Weather Bureau records published by Cleveland Abbe, Jr., 
n The Geography and Geology of Alaska, Professional Paper 45, U. S. GeoL Survey, 1906, pp. 188-200; and 
upon later manuscript records furnished us by the U. S. Weather Bureau. 
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of 102 indies in 1882 and 1883, 110 indies in 1884, 102 indies in 1885, and 140 indies 
in 1886. Prom 1890 to 1899 indusive there are no records; but from 1900 to 1909 the 
precipitation has been fairly regular, the highest being 88 inches, the lowest 73 inches. 

At KHlisnoo, 40 miles northeast of Sitka, records from 1890 to 1905 give a range 
between 43 inches and 72 inches. At Fort Liscum, near Valdez, 250 miles northwest of 
Yakutat Bay, records for seven years between 1901 and 1909 show a variation between 
-56 inches in 1904 and 91 inches in 1907. Other records are even more fragmentary. 
Indeed, some of the variations are so remarkable that one is almost tempted to question 
their accuracy, as when the Sitka precipitation the year before the temporary cessa- 
tion of records (1886) leaped up to 140 inches, and the records at Chilkat, which though 
kept for only two years give 39 inches for 1884 and only 11 inches in 1885.^ 

The precipitation records, though showing remarkable variations at a given station, 
fail to show similar variations for the some years at other stations. Thus we must assume 
that whatever variations there are, in those years where comparisons are possible, are 
local, not general. Unfortunately this comparison cannot be carried very far, though 
it may be made in some cases. For example, the year (1885) when Chilkat had a pre- 
cipitation of only 11 inches, Sitka had 102 inches! The highest precipitation at Sitka 
since 1900 is 88 inches (in 1901 and 1902), but in these same years the nearby station of 
Killisnoo had only 55 and 45 inches respectively, both below the average precipitation, 
which is 56 inches. The highest recorded precipitation at Fort Liscum is 91 inches, in 
1907, but in that year Sitka had only 79 inches, or much less than the average. 

It is a question whether one is warranted in drawing any definite conclusions from such 
fragmentary and variable statistics, but in the light of these records we cannot fail to 
admit at least the possibility of two conditions bearing upon the problem with which 
we are dealing; ^(1) that there may be very esrtensive variations in the amount of snowfall 
from place to place in the Alaskan coast mountains; (2) that there may be great local 
variations in the amount of precipitation there from year to year. 

This complicates the solution of the problem of the cause of the advancing glaciers 
and introduces difficulty in the definite elimination of the climatic hypothesis. Yet, in 
spite of these possible great variations in snowfall, we believe the cUmatic hypothesis 
to be inadequate to account for the spasmodic advance of the Yakutat Bay glaciers. 
We may perhaps best state our reasons for this belief by first considering a single one of 
the Yakutat Bay glaciers in comparison with the best notable known instance of glacier 
advance correlated with variation in snowfall, the Vemagt Glacier of the Tyrolese 
AJps.^ On several occasions this glacier has undergone spasmodic expansion with ac- 
companying transformation from generally uncrevassed to crevassed condition, the last 
periods being in 1845 and 1898-1900.® Although a small glacier, the Vernagt is peculiar 
In having a very large reservoir with a narrow ice tongue extending from it. In this way 
the effect of increase in snowfall is magnified and a wave of advance passing down this 

1 On this point, however. Dr. Clevdand Abbe writes in a letter to ns under date of May SO, 1910: — *‘I would 
express my belief that the reports of rainfall at Sitka for 1882 to 1886 must be largely influenced by some tem- 
porary peculiarity in methods or gauges, or measurements. I cannot consider the excessive figures, 102 to 104 
inches, aa homogenous with the rest of the column for Sitka; they are not mere natural irregularities of precip- 
itation. ” 

* Finsterwalder, S., Der Vernagt-Feraer, Wissenschaflliche Erganzungshefte zur Zeitschrift dea D. u. 6 
Alpenveirins, I Band, 1 Heft, Graz, 1897. 

» For reference, see footnote, p. 182. 
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glacier causes great extension of the glacier end. If we may assume this glacier to show 
a normal type of notable advance due to increase in snowfall, which might be com- 
pared with the Yakutat Bay glaciers, there is one very noteworthy difference- While 
the Yakutat Bay advance began and ended in a period of ten months, the Vemagt, 
in its last advance, moved forward much more slowly and through a much longer period 
of time. It was, in other words, less spasmodic. This, however, is not a vital point, for 
it is conceivable that with still greater increase in snowfall the advance might have been 
more spasmodic, as it apparently was in earlier periods when its terminus was pushed 
much farther down the valley than in 1899--1900. 

Turning to the Yakutat Bay region, and selecting one of the glaciers there for compari- 
son, we might almost equally well take either the Atrevida or the Galiano Glacier, but 
the latter will serve our purpose best because it is the smaller and therefore more nearly 
comparable with the Vemagt. Its advance was great, spasmodic, and effective. It 
.differs from the Vemagt in having no great snowfield reservoir with which to intensify 
the effect of increased snowfall. To account for the advance, therefore, one would need 
to assume a far greater increase in snowfall than was required in the Vemagt, and exactly 
the same statements apply to the Atrevida Glacier. How much greater the snowfall 
would need to be we do not know, but surely to account for such changes as were ob- 
served would require a vast addition to the upper glacier, perhaps even more than the 
greatest recorded variation in precipitation in any of the Alaskan records, continued 
through several years. 

Although such increase does not seem to us at all probable, we have to admit the 
possibility of it in view of the records of Alaskan precipitation. However, assuming 
such increase in precipitation, and further assuming that it was localized in the Yaku- 
tat Bay region, and that it was competent to account for the advance of Atrevida and 
Galiano Glaciers, we are at once confronted by the very serious difficulty that Black 
Glacier, heading in the same mountains as the Galiano, and only five or six miles away, 
has not responded. Its failure to advance as a result of snow supply added by earthquake 
shaking is explicable, but that it should not have responded to such a great increase 
of snowfall as would be required to account for the advance of Galiano and Atrevida 
Glaciers is inexplicable. The Black Glacier resembles these two glaciers in being of small 
size, in having no enlarged reservoir, in receiving its supply from snowfields and steeply 
perched tributaries, and in passing down a short, deep mountain valley enclosed between 
precipitous walls. It should show at least some response to greatly increased snowfall; 
it might fail to show response to earthquake shaking. 

With these facts in mind we cannot retain the climatic hypothesis, even though grant- 
ing the maximum variation in precipitation that anyone could possibly claim. But 
aside from this, the hypothesis as applied to this region is* weak in other respects. It 
must assume a localized increase in snowfall of great amount, without any explanation 
^either of its localization or of its cause, and without any proof of its occurrence. In this 
respect the climatic hypothesis compares unfavorably with the earthquake hypothesis, 
"for by that we know why there was localization of effect, we know that vigorous and 
long continued earthquake shaking occurred, and we know that vast quantities of snow 
find ice were added to the glacier reservoirs. The climatic hypothesis is difficult to accept 
-also because of the unusual, and in fact unparalleled, phenomena which it would be 
tcalled upon to explain. While it is true that the Vemagt Glacier has advanced in a 
12 
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similar way, it is nevertheless a special case and its advance under snowfall variation 
in due to peculiar individual characteristics. So far as known the Yakutat Bay region 
is the only one in the world where a number of glaciers of different forms, lengths and 
reservoir conditions have undergone a spasmodic and well graded advance and complete 
transformation. To account for this by climatic variation calls for a far greater increase 
in snowfall than has hitherto been recorded in glacier regions. Being unprecedented 
does not make it impossible, to be smre, but it adds one more difficulty in the way of 
acceptance of the hypothesis. We find it difficult also to harmonize the climatic hy- 
pothesis with the fact that the phenomena of spasmodic advance are, so far as we know> 
localized in and near the Yakutat Bay region. So great advance as is observed here 
would demand notable increase in snowfall for a period of certainly a few years; and we 
are unable to understand why there should be this great increase in one area, and noth- 
ing corresponding to it in the adjacent regions, where mountains rise equally high, where 
snowfields are equally extensive, and where glaciers are equally large. One difficulty 
in understanding this leads to skepticism when we remember that the region in question 
is the one which was most severely shaken by the earthquakes of September, 1899 . In 
fact, in view of all the considerations discussed above, we feel that the climatic hypothe- 
sis is improbable, that it is inadequate to explain all the facts, and that it is such a weak 
rival hypothesis to that of earthquake shaking that it cannot be entertained. 

Hypothssis of Response to Ablation. Wastage of the lower part of a glacier, as well 
as addition to the reservoirs must have an effect on glacier variation. It is possible, for 
example, that the removal of load from a lower part of a glacier might induce a respon- 
sive flowage from the heavily loaded part of the glacier above snow line of a nature similar 
to the flowage resulting from overloading in the reservoir. It is certain that unloading 
has been in progress in the lower portions of all the advancing glaciers of the Yakutat 
Bay region. 

If the advance were confined to a single glacier, or to a group of glaciers of essentially 
the same characteristics, this hypothesis might be applicable. But it does not seem 
applicable to a case in which so many glaciers of such different characteristics are in- 
volved. For instance, that underloading in the moraine-covered bulb of Atrevida Gla- 
cier should result in an advance in the same years as the advance of Haenke Glacier 
whose end is in a mountainous valley seems improbable. It is equally difficult to under- 
stand by this theory why the Marvine Glacier, which terminates in the piedmont 
Malaspina Glacier, advanced in the same year as the Atrevida; and also why the other 
tributaries to the Malaspina have not responded to unloading of the Malaspina by abla- 
tion. 

Thus, even without considering whether the cause itself is really an adequate possi- 
bility for such a spasmodic advance in a single glacier, and without making use of the 
fact that no such response to unloading is known ever to have occurred, the hypothe- 
sis fails and may be discarded in so far as its application to the advancing glaciers of the 
Yakutat Bay region is concerned. 

Hypothesis of Elevation and Tilting. Increase in snow supply to glaciers could be 
brought about by increase in elevation, and this theory has also been considered. Here 
again we cannot apply the test of actual measurement, since only the approximate ele- 
vations of a few of the peaks are known; but this theory, like that of increase in snowfall, 
lacks probability. Applying it, for example, to Marvine or Lucia Glaciers, whose sourcea 
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are in a lofty mountain region, it is doubtful if an uplift of many hundreds of feet would 
cause any notable addition to the snowfall. These mountains already rise so high, and 
form so continuous a barrier, that the damp ocean winds lose a great part of their vapor 
in rising over them, for the snow line lies between 2000 and 3000 feet. In the case of 
the smaller glaciers, for example Galiano and Atrevida Glaciers, an uplift might cause 
distinct increase in snowfall, for the mountains which supply them are lower. But even 
here, one could not imagine an uplift like the maximum of 47 feet in Yakutat Bay in 
1899, or any uplift that was not measured in himdreds of feet, causing a sufficient in- 
crease in snowfall to cause such a notable advance and change in glacier condifion. 

Even making the extravagant supposition of an uplift of several hundred feet, there 
would not be sufficient increase in snowfall to bring about the spasmodic advance ob- 
served here unless with it there was some means of abruptly concentrating the effects of 
the snowfall on the glacier reservoirs. Such an uplift would also need to be assumed 
throughout a very great area, for the distance between the sources of the Marvine and 
the Hidden Glaciers is not less than 60 miles. The extravagant supposition of a moun- 
tain uplift of hundreds of feet throughout an area 60 miles in length, even if it were 
competent to account for the facts, would be proposing as a substitute an even more 
remarkable phenomenon than that which it is called upon to explain and one not indi- 
cated by the delicate seacoast register. Beside the extreme improbability of this hy- 
pothesis, even in its least extravagant form, we have the more convincing fact that the 
advance of the glaciers ceased as abruptly as it began. Were the advance due to uplift, 
its effects, at least in diminished form, should have continued. For these reasons we 
cannot entertain this theory. 

A sudden advance of glaciers might conceivably be caused by a tilting of their valleys, 
but this hypothesis certainly cannot be applied to the Yakutat Bay advances, for there 
are several fatal objections to it in addition to the improbability of a sufficient increase 
in grade to transform an uncrevassed glacier to broken condition, and to replace long 
stagnation by sudden advance. TKe first objection is the lack of evidence by observa- 
tion. A change in grade sufficient to cause so great a change in glacier condition should 
certainly be noticeable, and we are unable to detect it. A second objection is the dif- 
ferent directions pursued by the different advancing glaciers — some flowing southward, 
one eastward, and one westward. It would require complexity of breaking and inclina- 
tion of a mountain region not only entirely without precedent, but, judging by our knowl- 
edge of earth changes, wholly impossible. Finally, even if we assumed the possibility 
of the change it would be necessary to assume also a return to approximately the former 
condition, for we have to explain not only a sudden advance, but a sudden cessation of 
advance. 

Untenable Earthquake Hypotheses. The occurrence of the severe earthquakes of 1899 
naturally led us to consider in what ways it might be possible for the transformation 
of the glaciers to be a response to these earthquakes, and four hypotheses have suggested 
themselves, three of which are easily disproved, while one is so supported by the facts 
that it is retained. 

Of the three earthquake hypotheses that are discarded the flrst is that the changes in 
the glaciers are the result of breaking of the ice by the vigorous shaking either in 1899 
or in some subsequent year. It strains the imagination to conceive of such a shaking 
as to break a glacier into impassable condition by such a cause, but waiving this, and 
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assuming its possibiKty, it is easily proved not to be the case here. This theory fails 
to account for the advance of the glacier fronts, the spreading at the sides, and the thick- 
ening of the glaciers. It fails to account for the breaking of some glaciers and the lack 
of breaking in others, for the breaking of the Marvine lobe of the Malaspina and the 
immunity of the rest of this piedmont ice area, and for the appearance of breaking in 
different glaciers in successive years. It cannot be seriously entertained. 

The second earthquake hypothesis is that the earthquakes of 1899 broke the glaciers^ 
but that the effects of the breaking did not appear until ablation revealed the cracks* 
This theory does not explain the glacier advance, spreading and thickening, and is, 
consequently, inapplicable here. It is therefore hardly necessary to consider whether 
a glacier could be broken below the surface and not on the surface, and also whether 
ablation could reveal the breaking in a period of about 10 months, most of which was 
winter season, and at the same time in a moraine-covered piedmont bulb as in the clear 
ice area of the valley glacier as far up as the snow line. 

A third earthquake hypothesis is that the severe shaking in 1899 resulted in the setting 
up of unusual conditions of strain in the ice, or of disturbing equilibrium in the glacier, 
whose manifold points of contact with the irregular valley bottom and side are postulated 
to have complex strain relationships, resulting in advance of the glacier in the restora- 
tion of equilibrium. No such strain relationships are known to exist and, if they do, 
it is not known that they are competent to cause forward movement. The hypothesis 
does not account for the immunity of most of the steep-grade glaciers from advance, 
for these should seek equilibrium first. It accounts for no supply to keep the forward 
movement going and thrust a glacier front forward two miles. It may be objected 
to first on the ground of postulating conditions not known to exist, and, second, in credit- 
ing them with great powers where slight power, if any, is more probable. 

These three earthquake theories are so entirely inapplicable that it would not be 
deemed worth while to give space to a consideration of them, were it not for the fact 
that each has been proposed by a colleague as a possible alternate hypothesis for the 
theory which is stated in the following section. 

Theory of Earthquake Avalanche Supply. This theory is based upon three postulates, 
each of which is deduced from actual observation. The first postulate is that in normal 
conditions the mountain slopes, above a certain level, are deeply covered with snow and 
ice wherever it can stand, and that much of it is in such unstable position that sufficient 
quantities are normally sKding into the valleys to form the glaciers and keep them sup- 
plied, The second postulate is that by September, in any year, a considerable addition 
to the snow accumulation has been made by the early autumn snows, and that at that 
season the snow line has been materially lowered by the accumulation of snow, on slopes 
from which much of it would normally be removed by the next summer’s melting. The 
third and vitally important postulate is that the continued sh aking of the mountains 
during the earthquakes in the first three weeks of September, 1899, dislodged vast quanti- 
ties of this snow and ice and threw it in avalanches down upon the glaciers and upon 
the n6v6s. This added to the glaciers a sudden and great supply of snow and ice, some 
of which never would have reached the glaciers, but most of which would have come 
down to them from time to time durmg a series of years. 

From these basal postulates we have inferred that so great was the sudden increase 
of snow and ice in the glacier reservoirs that a wave of advance was started of far greater 
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vigor than variations in precipitation could cause, and sufficient to explain the spasmodic 
advance and breaking of the glaciers that has been observed in the Yakutat Bay region. 
Since the unusual supply ceased as abruptly as it came, the advance quickly ran its 
course and the glaciers abruptly resumed their former condition. 

A number of facts and considerations support this theory, as follows: (1) There was 
a series of imusually vigorous earthquakes in September, 1899. (^) Accompanying these 
shocks there was much avalanching. These two points are important in showing that 
the cause was actually present, though they do not prove that it was adequate. (8) 
Both the earthquakes of 1899 and the phenomena of spasmodically-advancing glaciers 
are centered in the Yakutat Bay region. (4) Of the advancing glaciers all but one are 
known to have begun their advance since 1899 and the evidence is all but conclusive 
that the other advance, that of the Galiano, occurred after 1899. (5) There has been 
a rough progression in the glacier advance from the smaller to the larger glaciers, begin- 
ning almost at once in the smallest, then affecting larger ones, then still larger, while 
the largest have not yet responded. (6) The duration of the advance was brief, indi- 
cating an intense cause of short duration. (7) The cessation of the advance was abrupt, 
indicating that the cause terminated abruptly. (8) The extent of the advance was 
great, involving the transfer of large masses of ice in thickening, spreading and pushing 
the glacier fronts forward, proving that the cause involved an extensive addition to the 
glacier supply. (9) The transformation of the glaciers is without recorded parallel, 
which indicates the necessity of seeking an unusual cause. (10) All other theories fail 
to satisfactorily account for the phenomena. (11) No facts observed are opposed to 
the theory of earthquake shaking. (12) The theory satisfactorily accounts for ^ the 
phenomena of the advancing glaciers. 

It accounts for the location of the advancing glaciers in the Yakutat Bay region; for 
the beginning of the advance immediately after 1899 in the small glaciers; for its appear- 
ance in successive years in other, larger glaciers; for the failure of the largest glaciers 
to have responded as yet; for the failure of response of glaciers that did not receive numer- 
ous avalanches; for the pronounced breaking, advance and thickening of the glaciers; 
and for the sudden beginning and equally abrupt termination of the advance. Being 
the only theory that does not fail in some significant respects, having no vital points of 
objection, but on the contrary being supported by numerous important facts and con- 
siderations, and being competent to account for all the phenomena of the advancing 
glaciers, the theory of earthquake shaking occupies a strong position, falling little, if 
any, short of complete demonstration. 

Nature of the Advance. It is made clear in the preceding chapters that several stag- 
nant or nearly stagnant glaciers, with little if any crevassing, have undergone an abrupt 
change, becoming impassably crevassed and at the same time becoming thickened at 
their lower ends and pushing forward at their fronts and margins; and that this period 
was of brief duration and terminated as abruptly as it began. Such an advance con- 
trasts strikingly with normal motion of glaciers, as weU as with the slow advance of a 
glacier under the influence of normal climatic variations, when through a period of years, 
and without notable change in surface conditions, the ice front gradually advances. 

The reports of the International Committee on Glaciers show that between 1895 and 
1907 the overwhelming majority of advancing glaciers in the Alps, Scandinavia, Russia, 
Canada, etc., moved forward from ten to sixty feet a year, there being one case of an 
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advance of 114 feet, one of 133 feet, and the remarkable case of the Vernagt-Femer whose 
advance attained as many as 150, 240, and 450 feet in a year. In contrast with this 
the Haenke Glacier in Alaska advanced over 4000 feet in a little less than ten months 
and the Hidden Glacier over 10,000 feet in a brief interval, probably less than a year 
and possibly in only a few months. The glaciers in Europe sometimes continue to ad- 
vance for fifteen or twenty years when once an advance starts, the cycle from maximum 
to TTnim-muTn being 35 to 50 years, contrasting with the Alaskan glaciers under discussion 
whose advances have lasted less than a year. 

The case of glacier advance most nearly analogous to that of the Yakutat Bay region, 
of which we have found record, is that of the two small Tyrolese glaciers — ^the Vernagt 
and Ferner, which are known to have undergone great advance in 1599, 1680, 1773, 
1820, 1845 and 1898-1900. Some of these advances have been very great, and by their 
effect in damming up a tributary valley and forming a lake, whose sudden drainage has 
caused great floods in a populated valley have attracted attention and invited study 
even in early times. Reference to these earlier studies will be found in the remarkable 
monograph by Finsterwalder^; in which the cause for the variation in the Vernagt 
and Ferner Glaciers is discussed. The notable advance of the Vernagt Glacier and the 
less marked advance of the Ferner Glacier in 1898-1900 are described by BlUmcke and 
Hess; and they have also published some of the results of careful studies of these 
glaciers upon which they have been engaged for many years.^ 

In the last advance of the Vernagt glacier a swelling was at first observed in the 
reservoir, and later a transformation of the ice tongue followed, converting it from 
practically uncrevassed to crevassed condition, and causing an advance of the end. 
Earlier advances had been similar, though some of them were far more pronounced. 
There is therefore a noteworthy resemblance between the behavior of the Vernagt- 
Femer and the advancing Yakutat Bay glaciers, though the 1898-1900 advance was 
much less spectacular and less rapid than those of the Yakutat Bay glaciers, and there 
is also a difference in the cause, for the Vernagt, and less notably the Ferner, is a small 
ice tongue fed from a very large reservoir, and the advance is ascribed to the concen- 
trated influence of an increase in the snowfall in the reservoir, not to the effect of earth- 
quake shaking. 

Prom the researches of Pinsterwalder, Bltimcke and Hess it seems evident that 
excessive accumulation of snow in the reservoir ultimately starts a wave which, gather- 
ing force, finally sweeps with rapidity through the glaciers and finds response even in 
the lower portions of the glaciers by rapid motion, thickening, and advance. Their 
important detailed work, which, in the nature of the case, could not possibly have been 
undertaken in the Alaskan glaciers, throws a flood of light upon the problems of ad- 

» Finsterwalder, S., Her Vemagt-I’emer, Wissenschaftliche Ei^gttnzungsliefte zur Zeitschrift dea D. u. 0. 
Alpenverems, I Band. 1 Heft. Graz, 1897j with addendum by BlUmcke, A. and Hess, H. on Die Nachmes- 
flungen am Vernagt-Femer in den Jahren 1891, 1893 and 1895. 

* BlUmcke, A. and Hess, H., Beobachtungen an den Gletschem des Rosenthales, MIttheilungen des D. u. 0. 
Alpenvereins, 1900, Nr. 4, 6 pp.; Einiges liber den Vernagt-Femer, ibid. 1902, Nr. 18; Tiefbohrungen auf dem 
Emterreisfemer, 1902, ibid. Nr, 21, 7 pp.; Tiefbohrungen am Hintereiafemer im Sommer, 1008, Zeitschrift fUr 
Gletscherkunde, Band IH 1909, pp. 232-230; Tiefbohrungen on Blntereisgletscher, 1009, ibid. Band IV, 1900, 
pp. 00-70; Hess, H. Zur Mechanik der GletschervorstUsse, Fetermanns Geogr. Mitteilungen, 1002, Heft. V; 
Probleme der Gletscherkunde. Zeitschrift ftir Gletscherkunde, Band I, 1906, pp. 241-254; Die Gletscher, 
Braunschweig, 1904. pp. 296, etc. 
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vance of these glaciers, and in formulating a theory of the nature of the advance we 
naturally start with the results of their work as a basis. The advance in the two regions 
is closely analogous in main characteristics though differing in cause, rate of trans- 
formation, and amount of forward motion; but the two latter differences may well be 
no more than what would normally result from the difference in cause, — in the one case 
the slow accumulation of energy and ultimate response from increase in snowfall, in 
the other, rapid application of the same cause due to sudden precipitation of snow 
into the reservoirs from the valley walls and corresponding rapid and great response 
in the lower glacier. 

In explaining such an advance of glaciers as those described in this and preceding 
chapters we cannot assume actual flowage or transfer of ice from reservoir to terminus 
because of the brevity of the time and the abruptness with which the advance passed 
through the glaciers. It is inconceivable, for instance, that there was a transfer of 
material through the 15 miles of the broken Marvine Glacier, in the brief period of a 
year or less. Snow that falls in glacier reservoirs, changed to ice, does by normal 
glacier motion ultimately, in the course of a score of years, find its way to the glacier 
front, but we imagine that no one would advance the hypothesis that glacier motion 
could under any circumstances become so accelerated as to permit such transfer as 
would be called for by the Alaskan glacier advances. 

A modification of this hypothesis that is less difficult to conceive is that, by increase 
of snow in the reservoir, a condition of advance is started in the upper glacier, and that 
this is so great and powerful that it results in a rapid actual forward transfer of ice, 
causing motion in the glacier of far greater rapidity than normal. By this rapid 
advance the glacier surface is broken and a thrust is applied against the ice in front 
which is not yet in such rapid motion. This thrust pushes the ice forward and thus 
extends the breaking and advance beyond the zone actually reached by the ice which is 
moving rapidly forward. In other words, this hypothesis takes as the basis the normal 
means of transfer of ice in glaciers, but supposes an acceleration in speed, and adds to 
it the pushing forward and consequent breaking up of the rigid stagnant outer ice, 
much as an advancing glacier would push forward the wall of a building that stood in 
the way. 

In 1906 this hypothesis seemed, in part at least, a possible explanation of the con- 
ditions in the advancing glaciers of Yakutat Bay. In the light of the observations of 
1909, and after further consideration of the problem, it now seems to us an inadequate 
explanation, for there are several serious objections to it. In the first place, it is 
doubtful if, even with the most rapid glacier motion we could assume, the wave of 
advance could have extended as far down the glacier by 1906 as this explanation would 
demand; and, in any event, it should have been preceded by breaking in the upper 
glacier, and not have abruptly affected the entire glacier, for many miles, all in a 
period of a few months. Furthermore, it seems exceedingly doubtful whether suflSlcient 
thrust could be applied to so completely break the surface of such extensive areas as 
were broken, for instance in the Marvine lobe of the Malaspina by the 1906 advance. 
Even more difficult to conceive is the application of a thrust of sufficient force to push 
the front of Hidden Glacier forward two miles. Finally, the fact that the advance 
ceased abruptly and completely unmediately after the breaking of the ice was accom- 
plished is a serious objection. Had there been an active advance from behind, pushing 
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tte stagnant ice forward and breaking it, there could hardly have been so abrupt a 
termination, for after the first thrust further flowage should cause continued advance* 
Because of these objections we feel forced to set this hypothesis aside as improbable. 

Another conceivable hypothesis is that the sudden addition to the upper portions 
of the glaciers started a wave in the ice, which was transmitted down-stream, and which 
was transmitted wholly independently of glacier motion. As this wave paused down 
the glacier it broke the ice surface, and since it moved with rapidity it transformed 
the glacier from end to end in a brief period of time; and after it had passed, the ice 
returned to its normal state and the broken surface was given over to the processes of 
ablation to heal. We confess that we find this hypothesis difficult of conception, and 
that the form and nature of movement of the wave is not clear. If, however, we could 
grant the passage of such a wave, it would explain some of the phenomena of the ad- 
vancing Yakutat Bay glaciers, though there are many which are not capable of explana- 
tion by such a wave. This hypothesis, for instance, would not explain the notable 
advance of the front of the glaciers. To carry an ice front forward one mile, as in the 
case of Haenke Glacier, and two miles, as in the case of the Hidden Glacier, demands 
an actual transfer of ice. With such a passage of a wave through the glacier, so far as 
we are able to conceive it, we should expect that when it reached a stagnant piedmont 
bulb it would spread and gradually die out, as was the case in the Variegated and Atre- 
vida piedmont areas. But in Malaspina Glacier the breaking extended many miles 
down the Marvine lobe, without spreading laterally westward; in other words, it 
followed the flow lines influenced by the Marvine. A wave in the ice might be expected 
to disregard this factor and pass through ice regardless of its source of origin; and a 
wave derived from an impulse set up in the Marvine Glacier valley, would, it seems to 
us, on passing out into the Malaspina Glacier, as easily spread out westward into the 
ice supplied by the Seward Glacier as southward along the Marvine lobe. A third 
objection is the thickening of the ice, especially noticeable in the piedmont areas of the 
Variegated Glacier and the western margin of the Atrevida Glacier. In these places 
the ice has the appearance of having flowed out there as a thick viscous fluid flows. 
In this connection may be mentioned the development of the clear ice area in the 
Atrevida Glacier which we are wholly unable to explain on the hypothesis of the pas- 
sage of a wave through the glacier. These facts make it evident that a mere wave is 
inadequate as an explanation of the phenomena of the advancing Yakutat Bay glaciers. 
Any theory to account for these phenomena must explain a rapid transfer of impulse 
from for up the glaciers, probably from the reservoir, through many miles of hitherto 
stagnant or slowly moving ice, and accompanying this a breaking of the glacier surface 
and an advance of the front, a spreading of the margins and a thickening of the glacier. 
A combination of the theory of wave motion and actual flowage will account for these 
phenomena, though neither one will do so by itself, nor, for that matter, will any other 
theory of which we ^e cognizant. We are therefore proposing, as an explanation of 
the behaviour of the Alaskan glaciers an hypothesis which we call the glacier flood 
hypothesis. 

Under the glacier flood hypothesis it is assumed that the ice of a glacier is rigid in its 
upper portion and along its margins, but that it is in a state of viscosity beneath a 
rigid crust; that is, a glacier has its zones of fracture and of flowage, like the earth's 
crust. It is further assumed that the degree of viscosity is increased by pressure, and 
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that with the development of viscosity the rate of possible ice flow is increased. The 
maximum thickness of glaciers is rather small for great increase of viscosity by over- 
loading the upper layers, but the pressure inferred would be not only direct vertical 
pressure of upper layers on lower, but also hydrostatic pressure of heavily-loaded 
upper portions of the glacier stream on the parts of the ice farther down-stream and 
down grade from the portion overloaded by avalanches. In narrow glaciers these 
avalanches doubtless went clear across the ice tongue, and where they did not do so, 
the same marginal area was overloaded. The final assumption is that the addition of 
snow to the upper glacier by the effect of earthquake shaking started a wave of advance 
which by applying pressure to the ice in front induced such a degree of viscosity that 
flowage followed, and that continued and was transmitted down the glacier until the 
effects of the advance wore out either because the end of the glacier was reached or 
because of dissipation in an expanded piedmont bulb. 

By the glacier flood hypothesis it is not conceived that there was actual transfer of 
ice from the glacier head to the glacier end within the brief period occupied by the 
advance, but that there was, nevertheless, actual viscous flowage of the lower ice 
throughout practically the entire broken area, the state of increased flowage being pro- 
gressively extended down the glacier imtil the effects of the thrust died out. ^ That is 
to say, there was a wave-like progression of a thrust down the glacier which, when 
applied, temporarily increased the viscosity of the lower ice layers, and this was followed 
by a rapid increase in the ice motion. At some time during the period the viscous 
lower ice layers of practically the entire glacier flowed forward to a greater or less 
distance, but no single portion of the ice advanced even a considerable part of the 
distance from the head to the end of the glacier. With the passage of this wave and 
the accompanying flowage of the ice, the rigid upper crust of the glacier, and the rigid 
margins, were subjected to such strains that the glacier was broken into the condition 
observed in the advancing glaciers. The hypothesis further conceives that there was 
some breaking of the margins, notably in the thinner parts of the piedmont areas, by 
a rigid thrust without the immediate association of flowage. 

This hypothesis has been called the glacier flood hypothesis because of the resem- 
blance to a river flood. When rain falls heavily, or snow melts rapidly, in the upper 
reaches of a river the effect of the sudden increase in volume extends down-stream, 
and if the river surface is covered with ice this is broken and piled up as the rising flood 
passes beneath it. The condition of the advancing Yakutat Bay glaciers is conceived 
by this flood hypothesis to imitate the river flood in such important ways as to warrant 
a comparison between the two; but there are two notable differences, first the difference 
in rapidity of transfer of the flood effect in the two cases, and secondly the difference 
in nature of the flowage. In the river the flow involves the transfer of water from the 
flood source to the river mouth; in the glacier there is no such transfer. There are 
other differences of minor character, but of scarcely enough importance for statement 
here. 

The glacier flood hypothesis has the one merit that all the other hypotheses lack; 
it seems to account for all the facts. With the passage of such a wave and the associa- 
ted rapidity of flowage of the under-ice it is easy to understand the accompanying 
breaking of the surface ice. The theory accounts equally well for the fact, observed 
in the advancing Lucia Glacier, that the margins of the glacier are more broken than 
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the center, as if there were a dragging and a lateral shove there. It explains the lateral 
spreading of the glaciers and the forward motion of their fronts by the transfer of ice 
crowded both laterally and forward by the flowage of the lower ice under the pressure 
of the thrust from behind. It accounts for the uprising of clear ice areas in the Atre- 
vida and Variegated Glacier bulbs, alluded to on a later page, and for the notable 
thickening of portions of these bulbs. By this hypothesis it is easy to understand why 
the breaking of Malaspina Glacier did not extend far westward into the Seward lobe, 
but was practically confined to that portion of the Malaspina whose ice supply is 
furnished by the glacier which gave rise to the wave of advance. Equally well does 
the glacier flood hypothesis explain the abrupt beginning and abrupt ending of the 
transformation, for the advance would not begin until the thrust was applied, and its 
effects would terminate soon after the wave had swept on. 

Since the glacier flood hypothesis explains all the facts, while other hypotheses fail 
in significant respects, we believe that it occupies a strong position. There are, how- 
ever, two objections which will appeal more or less strongly to those who give this 
hypothesis consideration. One of these is the rapidity with which the breaking ex- 
tended throughout the glaciers. It is to be noted, however, that this objection would 
be equally strong against either of the other theories. The rapidity of progress of the 
advance and breaking, when once begun, is a fact fully established by observation, and 
whatever theory is proposed in explanation of the change must of necessity assume 
that the cause was capable of operating with the rapidity observed. So far as we can 
see it is fully as easy to conceive such a rapid transformation under the glacier flood 
hypothesis as under any of the other hypotheses. In the absence of more exact knowl- 
edge of the behavior of ice in glacier motion, it is not possible to give to this problem the 
thorough consideration which it doubtless deserves. 

If we may assume for glaciers a state of viscous flowage in those parts of the ice under 
sufl&cient pressure, — ^which some will deny, — ^it seems reasonable to infer that there 
will be an increase in liquidity under increase in pressure. Our hypothesis is that the 
application of pressure from the thrust did thus increase the liquidity of the ice, and to 
a suflScient degree to bring about the phenomena of advance, thickening and breaking 
observed. This hypothesis is based upon the necessity of such a result from the phe- 
nomena observed in the fields which force us to the theory of viscous flowage as postu- 
lated under the glacier flood hypothesis. We make no pretention of discussing the 
physical aspect of the subject, and until there is more knowledge and fuller agreement 
upon the simplest principles of the behavior of ice in moving glaciers we feel that there 
would be little profit in such a discussion. 

The second objection which some will urge to the glacier flood hypothesis is that 
already hinted at in the last paragraph, namely the doubt whether glacier ice does under 
any conditions behave as a viscous body. Upon this subject opinion is divided, and 
while some believe in viscosity of glacier ice under pressure, others are equally con- 
vinced of its impossibility. Much has been written, on this subject both by physicists 
and by geologists, and since the result of this discussion has been only to lead to a 
divided opinion, and since the discussions are accessible to aU, and known to most 
students of glacial phenomena, it does not seem necessary to restate or even abstract 
them here. There are, however, some phenomena of direct observation in the advanc- 
ing glaciers of Alaska, and some considerations deduced from these observations, which 
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seem to us to have such direct bearing on the problem of glacier motion, and to point 
to viscous flowage as the mode of motion, that we deem them worthy of specific state- 
ment in this connection. 

Evidence of Viscosity. If it is granted that there has been actual transfer of material 
in the advancing glaciers of Yakutat Bay, and the facts render no other conclusion 
possible, we may ask whether any of the other theories of glacial motion than that of 
viscous flowage are capable of accoimting for the abrupt transfer of ice to such a 
degree and extent as is observed? As a result of our consideration of this question we 
have been forced to the conclusion that no other mode of motion than viscous flowage 
can be appealed to in explanation of the thickening, spreading, and advance of these 
glaciers. We are, of course, open to conviction of error in this conclusion if it can be 
shown by those who accept other theories of glacial motion that any one of them can 
explain the phenomena of the advancing glaciers. The motion, whatever its nature 
may have been, must explain the faulting and linear crevasses on the Lucia Glacier, 
the increase of breaking along the margin and the piling up of ice on the stoss side of 
the Lucia nunatak. It must explain the system of crescentic crevasses in the Atrevida 
Glacier piedmont bulb, and the pronounced thickening and spread of this bulb and that 
of the Variegated Glacier. Further, it must account for the rapidity of all the changes 
and the notable forward motion of the fronts of Haenke and Hidden Glaciers, one and 
two miles respectively. All these phenomena are but natural and simple results of 
viscous flowage if once the possibility of this is granted; are they also capable of expla- 
nation on the basis of other theories of glacier motion? We cannot conceive that they 
are and, consequently, because of the failure of other hypotheses are driven to believe 
in viscous flowage as the mode of motion in these advancing glaciers. 

In addition to this consideration, there are some significant facts bearing on the 
problem of the mode of motion of the glaciers. One of these is the appearance of clear 
ice areas in parts of the glacier surface which prior to the advance were overspread with 
ablation moraine. This is observed on the Variegated Glacier bulb where previously- 
existing moraines were swept forward, the area of clear ice extended beyond the moun- 
tain valley to a portion of the surface formerly covered by moraine, and a new area of 
clear ice introduced between moraines far out in the area of former ablation moraines. 
It is even more clearly illustrated in Atrevida Glacier, where an extensive area of clear 
ice appeared in 1906 in the midst of moraine-covered ice and in a position where in 
1905 there was a uniform sheet of ablation moraine. Here also the ice layers are highly 
inclined as if there was uprising from below. We can ^readily explain these facts on the 
hypothesis of viscous under-flowage and local uprising of ice from below, pushing the 
moraine-covered ice aside in certain favorable localities, the ice becoming crevassed 
after it rose to the surface and was released from strain, as 1906 photographs show. 
We are wholly at a loss to account for it on any other mode of ice motion. 

That the lower ice of a glacier is in a state resembling plasticity, and wholly in 
contrast to the upper ice, is suggested by the crevasses which break so many glacier 
surfaces. But in the advancing glaciers of Yakutat Bay we have a better chance of 
studying and understanding these crevasses than usual. They did not exist before the 
advance, they were then developed in extraordinary numbers, and then at once their 
cause ceased and they began to be destroyed by the ablation of the ice surface. The 
conditions under which these crevasses were developed, we may fairly assume, were 
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such as to give rise to the deepest possible breaking. We, therefore, have observational 
data for tracing the life history of a system of profound crevasses; and the result is, 
what is well known from the study of other crevasses more normally produced, — ^namely, 
that they are mere surface fissures in the very upper parts of the glacier. One or two 
hundred feet of ablation lowers the ice surface to their bottoms, and below that the 
ice is unbroken. Yet surely the lower ice was subjected to a profound straining of 
such abrupt nature that it should have responded by fissuring if its condition had per- 
mitted. Ice in a state of plasticity such as the theory of viscous flowage demands, 
could not be fissured by even the abrupt and powerful strains which accompanied the 
advance of the glaciers; but ice in a condition demanded by theories not involving a 
state of plasticity would be expected to yield to such strains by fissuring. 

We cannot observe the condition of glacier ice in motion, and experimentation has 
so far not even approximately duplicated the conditions existing in the interior and 
bottoms of glaciers. These facts account in part for the failure of inferences from 
theoretical considerations of the problem to bring forth results which are convincing to 
all. In these studies of the problem, known facts have been considered in the develop- 
ment of theory, but the facts are partly unknown, and there is necessity of a,asumption 
which if incorrect removes the foundation of the theory. In all of the theories of glacial 
motion there are assumptions upon which there is not general agreement, — hence the 
failure of even the most elaborately argued theories to receive universal acceptance. 
The theory of viscous flowage has lost favor with some students of the subject of glacial 
motion by reason of the fact that glacier ice is a crystalline rock; and the assumption 
has been made that this condition and the supposed inability to hold stones in the 
bottom and perform glacial erosion are incompatible with viscosity. Partly upon the 
basis of these assumptions several elaborate hypotheses have been put forth as a sub- 
stitute for the theory of viscous flowage, which has numerous adherents. 

Still maintaining our determination not to enter into a discussion of the literature 
on the physics of glacier motion, and confining ourselves primarily to a statement of 
facts of observation and the conclusions to which they lead, we will state some facts 
observed in the Yakutat Bay region which we believe have a direct bearing on the 
problem of the condition of glacier ice. While there, as in other regions, we cannot 
make direct observations on the condition of a large glacier from top to bottom, we 
nevertheless have samples of the glacier ice, from different parts of the glacier, supplied 
to us for observation in the form of innumerable icebergs, floating in the waters of the 
fiord and stranded on its beaches. From a study of these and of the clear glacier 
surfaces, sides of crevasses, and ice cliffs of the glaciers we can form some idea of the 
nature of the glacier from top to bottom. 

The largest of the glaciers, the Hubbard, presents an ice cliff of marble whiteness 
some three hundred feet high, the upper half more or less profoundly crevassed. What 
lies beneath the water level is hidden, but the appearance of icebergs black with d6bris, 
and the abundance of d6bris-charged bergs in the waters of the fiord lead us to conclude 
that the very lowest layers are heavily burdened with morainic materials. Among 
the thousands of icebergs floating in the fiord and stranded on its shores about two- 
thirds are whitish and one-third are glassy, as shown by repeated observations at 
favorable localities (PL LXXIX, B). Some large bergs are entirely glassy, some entirely 
whitish, and some have bands of white and glassy ice, the proportions varying in dif- 
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ferent bergs. The white bergs owe their color to the presence of great numbers of 
included air bubbles, all of small size, and often very closely spaced; the glassy bergs 
have fewer air bubbles and sometimes none at aU. In general the white bergs are the 
more finely-crystaUine, though many of them are coarsely-crystalline; but the glassy 
bergs are always coarsely-crystalline. We assume that the air bubbles of the white 
bergs represent air imprisoned in the course of snow accumulation in the upper por- 
tions of the glacier and included in the ice during its crystallization. 

Why is there this difference in the ice from the same glaciers? The obvious answer 
is that it is due to position in ihe glacier, the glassy, coarsely-crystalline bergs being 
from the lower ice, the more finely crystalline, air-charged, white ice from the upper 
portion; but in those frontal portions of glaciers where ablation has removed much of 
the upper ice, coarsely-crystalline ice forms the surface. , This conclusion is supported 
by two facts: (1) the part of the glacier front above the water in the ice cliffs is white; 
(2) although some white bergs contain dfebris, the most heavily charged icebergs are 
invariably glassy. The problem then resolves itself into the question, why is the upper 
ice charged with air bubbles while in the lower ice there is no such abundance of air 
bubbles? We have tried to conceive of conditions under which this difference in ice 
condition could be brought about. It is inconceivable that the lower ice originally 
contained less imprisoned air than the upper ice, for it is from the same source of snow- 
fall, compacted and consolidated into the crystaUine ice. We are forced to conclude, 
therefore, that the air originally included in the lower region of glassy ice has been 
eliminated in the course of development of the coarsely-crystaUine structure. That 
such elimination has been in progress within the glacier is indicated by the fact that 
air bubbles are present in great abundance in some coarsely-crystalline ice and in all 
the finely-crystalline bergs. By this fact we are forced to the conclusion that in some 
parts of the ice there ore unusual conditions which permit the elimination of included 
air bubbles and that these conditions prevail mainly, if not entirely, in the bottom 
layers of the glacier. 

From the consideration of the problem which we have been able to give we can find 
but one explanation that is capable of accounting for these facts. We accordingly 
propose as an hypothesis that the lower portion of the glacier is in a condition of suffi- 
cient viscosity to force the escape of the included air bubbles, which, rising, become 
included in the upper area of viscosity, giving rise to that layer of ice from which some 
of the whitest icebergs are derived. Whether the coarsely-crystalline structure is 
present in the viscous ice, or whether it develops as the front of the glacier is neared, 
and the pressure relieved, is not indicated by any facts which we have observed. 

From the above statement of facts, and from the consideration of the inferences 
which seem to be warranted from them, we are led from various points of view to the 
same result. We are wholly unable to understand the phenomena observed in the 
Yakutat Bay region without resort to the theory of viscous flowage. By this theory 
aU phenomena are readily explained, while by any other theory we find ourselves con- 
fronted by grave difficulties in accounting for some of the phenomena. We are, there- 
fore, forced to believe that the theory of viscous ice motion has foundation, and that 
the phenomena of the advancing glaciers of Yakutat Bay are an expression of an imusu- 
ally active phase of such flowage. 

Lack of Similar Advance Elsewhere, Were it not for the spectacular nature of the 
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transformation of the advancing Yakutat Bay glaciers it might be urged against the 
theory of advance under the impulse of earthquake shaking that the fact that analogous 
advance in other regions had not been observed was opposed to this theory. Such an 
objection would have some force if the advance were the result of ordinary changes, to 
be commonly expected in regions of glaciation; but it lacks force in view of the excep- 
tional conditions under which such an advance is possible. Only by the combination 
of vigorous earth shaking and heavy snow cover in unstable positions, can such a notable 
advance be brought about. The latter condition is commonly present in the higher 
mountains from which good-sized glaciers flow, though rarely in such a degree as in the 
Alaskan coast ranges ; but vigorous earth shaking is not so common. Even in Alaska, 
a region of abundant earthquakes, such shaking as that of 1899 must be rare; and 
although we have record of many earthquakes, both before and after 1899, we have 
heard of no shaking in AJaska between 1788 and 1918 that equals this period either in 
intensity or in duration. The Alps, whose glaciers have beeii studied with greater care 
and for a longer time than any other region, is not a section of abundant, great earth- 
quakes. In other regions of earthquake-shaken mountains, like the Caucasus and the 
Himalayas, the glaciers have been little studied. We hold, therefore, that in some 
glacial regions an advance even approximating that of the Yakutat Bay glaciers is not 
to be expected; and even in those regions where a similar transformation may be looked 
for, it could come only at intervals many years apart. It is our opinion, that the 
phenomenon, in anything like the degree observed in the Yakutat Bay region, is of 
rare occurrence, which is the main reason why it has not hitherto been observed. 

There is the further fact that the cycle of the advance is completed in such a brief 
period of time that an observer must be on hand at just the right time to detect it, 
and he must have knowledge of the previous condition of the glacier and the position 
of its front. For instance, if we had not had Russell’s description and photographs 
of 1890 and 1891 we would not have known of the change in Galiano Glacier; had 
Gilbert not observed Variegated Glacier in 1899 and we in 1905, we would in 1906 
have naturally assumed that the broken condition was normal to it. Similar state- 
ments might be made about the other advancing glaciers. Moreover, even if we 
had previous observations as a basis for comparison, since the advance stops so 
abruptly, in a year or less, not going on for several years, as under normal climatic 
control, and since ablation so quickly heals the broken surface, a cycle of advance 
might "^pass completely without detection, if the period between observations were 
five or ten years. It is also to be noted, that if a glacier surface were normally cre- 
vassed, as Hubbard, Turner, and Nunatak Glaciers are, the evidence of change 
would not be so easy of detection as in the uncrevassed, stagnant glacier ends. 

By good fortune our expeditions to Yakutat Bay were timed just right for the detec- 
tion of the advances, and they had the advantage of having available the results of 
the previous expeditions by Russell and Gilbert. There may have been similar ad- 
vances in other remote regions of heavy snowfall and great earthquakes, say in Alaska, 
or the Caucasus, or the Himalayas, which have failed of detection because of the lack 
of successive expeditions properly timed to note the evidences of change. Hence, not 
only are there few regions where spasmodic advance of glaciers in response to earth- 
quake shaking is to be expected, and even there only at long-separated intervals; but 
the chance of discovery of the evidence of such advance, and the correlation of it with 
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its cause, in those remote regions where the conditions are favorable, but which are as 
yet little studied, is so slight that, even though advance occurs, it may be undetected. 

Other Advancing Glaciers. With the discovery of a new cause for the advance of 
glaciers, which cannot have been considered in the explanations of glacier advances 
observed prior to this, we naturally consider the question whether the new theory will 
not explain some of the old advances. We have not found time to make an exhaustive 
study of the literature of advancing glaciers outside of Alaska to see whether there are 
indications that this new theory will apply to any of the old cases. We have been 
deterred from undertaking it partly because of the desire to have the theory discussed 
and further observations made first, and partly because there seems at least an even 
chance that such a study of the literature would end only in inconclusive results, since 
critical observations may not be recorded. It is, for example, possible that the reported 
great advance of some of the Himalayan glaciers, and the notable advance and trans- 
formation of Sefstr5m Glacier in Spitzbergen between 1882 and 1896, and of the neigh- 
boring Wahlenberg Glacier between 1896 and 1908, while other neighboring glaciers 
were receding, may be a response to the influence of earthquake shaking of an unde- 
termined period. 

There are two points of a general nature bearing on this subject which we wish to make 
before considering the possible extension of the earthquake theory to other advancing 
glaciers of Alaska. One of these is the proposition that in small glaciers with broad 
reservoirs, like the Vemagt Glacier in the Tyrol, the phenomena of advance as the result 
of the fall of unusual numbers of avalanches without earthquake shaking would imitate 
those of the advance of larger glaciers under the impulse of more avalanching under 
vigorous earthquake shaking. Two cases of the latter sort are the little Boveyxe Glacier 
in Valais, Switzerland, which advanced because of great increase of material due to an 
avalanche, and the Stutfield Glacier of Canada which advanced about half a mile and 
destroyed a fringing forest, when covered with dfebris by great avalanches. 

The second proposition is that in larger glaciers moderate avalanching under the influ- 
ence of moderate earthquake shaking would result in a response of far less vigor and 
extent than that observed in the Yakutat Bay glaciers. If this proposition is correct, 
it is reasonable to expect that some advances of moderate amount, and even without 
accompanying breaking of the surface, may follow earthquake shaking in the snowfield 
region. It is well established that there are moderate fluctuations of glacier fronts in the 
Alps, and elsewhere, as a result of climatic variations; but there are also exceptional 
changes in position of the ice fronts. The application of the avalanche theory, either as 
a result of earthquake shaking or of other cause, to some such variations in glaciers is 
possible. It will be interesting to see the theory put to a test in some such case. 

In Alaska, outside the Yakutat Bay region, there have been many changes in the posi- 
tion of glacier fronts within the period of observation, and some of these may be due to 
the effects of earthquake shaking. Unfortunately observations on most of these glaciers 
are of too limited a nature, and for too short a time, and our knowledge of the extent and 
nature of preceding earthquake shocks, and of the amount and variation of the snowfall 
of the Alaskan coastal region, is too slight to permit us to enter into a full or conclusive 
discussion of the possible cause for these variations. Yet there are some notable facts 
leading to tentative conclusions, which may be stated. 

In 1892 Russell wrote his paper on Climatic Changes Indicated by the Glaciers of 
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North America, 1 in which he states that “ the evidence that a general retreatof the glaciers 
of Alaska is still in progress is abundant, and in a few instances of quantitative value. ** 
In Alaska the only advances mentioned by Russell were the comparatively recent ad- 
I vance of part of tke border of Malaspina Glacier near Pt. Manby, from which the ice 

I had retreated 1500 feet in 1891 when observed by Russell, and the advancing Frederika' 

i Glacier of the Wrangell Mountains, observed by Hayes in 1891, and cited by Russell as 

^‘the only instance of an advancing glacier known on the west coast of North America. ” 

I He concludes that “the data relating to both the fluctuations of glaciers and to climatic 

I changes are inadequate for satisfactory comparison,” and that “the growth of glaciers 

I and the initiation and decline of glacial epochs, are caused by very gradual climatic 

changes which would only become conspicuous, as climatic changes are now studied, 

I after the lapse of centuries. ” 

Gilbert, after his glacier studies in 1899,® when he mentions a few other advances and 
retreats not cited by Russell, concluded that the lack of parallelism between variations 
^ I of glaciers and different groups of glaciers in Alaska whose disparities are of larger scale 

than those of the Alps, just as the glaciation is of larger scale, might not be explained by 
either of two prominent climatic hypotheses, to each of which there are difficulties of 
application because the glacial and climatic data are indefinite, and because in climatic 
units in Alaska there is no known unity of glacier variation. He felt, however, thaf the 
, I explanation must be climatic rather than diastrophic and made a suggestion that “the 

iJ combination of a climatic change of a general character with local conditions of varied 

character, may result in local glacier variations which are not only unequal but opposite. ” 

I , The climatic change postulated is a change in the temperature of the water of the Gulf of 

jl Alaska. With the water becoming warmer and aU other factors affecting glaciation 

remaining unchanged, “the consequences would include: 

I ' 1. A hi^er temperature for the air currents flowing from the gulf to the land, 

j 1 2. A greater contrast in temperature between the coastal belt and the interior of Alaska, 

j j especially in winter. 

: 1 S. Greater evaporation from the ocean and a higher humidity for the landward-flowing 

: air — ^resulting from 1. 

4. Greater precipitation on the mountains, especially in winter — resulting from 2 and 8. 

; 5. A shorter annual period in which precipitation takes the form of snow — ^resulting 

i; from 1. 

I, 6. A (probably) lower ratio of snow to rain — ^resulting from 5, qualified by 4. 

' 7. A higher snow line. 

;! 8. More rapid waste of ice and snow by evaporation and melting — ^resulting from 1, 6 

I j and 7. 

! i Of these consequences, the increase of precipitation would tend to enlarge glaciers, 

! while the lessened ratio of snow precipitation and the enhanced wasting would tend to 

I reduce them. 

! Evidently a lowering of the temperature of the gulf water would be followed by the 

reverse consequences. ” 

I ; As is shown in other chapters of this book, there have been many other glacial advances 

i 1 Rusaell, I. C., Amer. Geol., Vol. IX, 1892, pp. 322^886; Gladera of North America, Boston, 1896, pp. 146- 

I 1 

[ ■ Gilbert, G. K., Harriman Alaska Expedition, Vol. HI, 1904, pp. 102-112. 

h . 
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in Alaska, besides those in Yakutat Bay.^ For example, Muir Glacier advanced about 300 
yards between 1890 and 1892; Patterson Glacier was advancing and destroying trees in 
1891; Taku Glacier had a slight net advance between 1890 and 1905; Brady Glacier 
advanced 5 miles between 1794 and 1894, the destruction of trees being in progress in 
1880; LaPerouse Glacier was advancing and destroying forest in 1895, but ceased before 
1899, readvancing into the forest once more between 1909 and 1910; two of tiie Lituya 
Bay glaciers advanced two and a half and three miles respectively between 1786 and 1894, 
one advancing another half mile between 1894 and 1906; the Alsek river terminus of the 
Grand Pacific through-glacier was advancing and destroying forest in 1908; another gla- 
cier coming into the Alsek valley from the west, and connected with the Hidden-Nunatak- 
Yakutat glacier system, though inactive in 1906 and 1908, possibly advanced in 1909; a 
small glacier opposite the Prederika Glacier in the Wrangell Mountains was advancing in 
1908; Childs Glacier advanced in 1910; Logan Glacier, north of Mt. St. Elias, advanced in 
1912, after at least 200 years of inactivity; Rainy HoUow Glacier advanced 2000 feet in 3 
months in 1910; Rendu Glacier in Glacier Bay advanced 1^ miles between 1907 and 1911 ; 
an adjacent cascading glacier advanced J mile in 1911; Grand Pacific Glacier advanced 
about 4000 feet between August, 1912, and September, 1913, and three other ice tongues 
in Glacier Bay were moving forward in 1913. In these and many other parts of Alaska 
some glaciers have, in general, been retreating steadily within historic times. 

Our own view would now be that any or all of the advances of Alaskan glaciers cited 
might be due to earthquake avalanching rather than climatic variations, the earthquake 
data being no more incomplete than the climatic data. Indeed, in view of the Yakutat 
Bay cases, the greater advances, such as the 20 mile advance of Malaspina Glacier 
described in Chapter m, the 5 mile movement of Brady Glacier and the 2 to 3 mile 
advances of the Lituya Bay glaciers, are far more suggestive of spasmodic earthquake 
advances than of climatic variation, and some of the smaller ones may be due to earth- 
quakes and some to climatic oscillations. These glaciated mountains are known to be 
frequently shaken by severe earthquakes.* 

If avalanching during the 1899 earthquakes of Yakutat Bay caused the advance of the 
glaciers there during the ensuing ten or more years, then it ought to be carefully con- 
sidered whether similar avalanching in the snow-laden Fairweather Range mi^t not have 
caused the 2 and 3 mile advances of the Lituya Bay glaciers between 1786 and 1894 as a 
result of the earthquakes felt at Sitka in either 1843, 1847, 1861, or 1880; whether the 
same earthquake did not cause avalanching which resulted in the 5 mile advance of Brady 
Glacier between 1794 and 1894; and whether the earthquake of 1900 in the Chugach 
Mountains did not similarly cause the slight advances of Valdez, Shoup, Columbia and 
adjacent glaciers, as some earlier earthquake may have caused the 1892 advance of 
Columbia Glacier, the 1890-92 advance of Muir Glacier, and the others cited. Many of 
the minor oscillations like the last mentioned might be climatic, though that leaves their 
localization unexplained. It is just as logical to assume that they were not climatic, 
since the earthquake explanation does account for the localization, as it is to assign 
to them a climatic cause. 

1 For a more complete list of such advances, see Martin, Lawrence, Guidebook No. 10, Excursion C 8, 
International Geological Congress, Ottawa, 191S, pp. 167-162. 

> Martin, Lawrence, The Alaskan Earthquakes of 1899, Bull. Geol. Soc. Amer., Vol. XXI, 1910, pp. SS9- 
406; Tarr, R. S. and Martin, Lawrence, Professional Paper 69, U. S. Geol. S^ey, 1912. 
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Application io Former Greater Expansion of Glaciers. In Yakutat Bay itself there 
has been a comparatively recent advance of the glaciers, during which Nunatak and 
Hidden Glaciers pushed forward until they united and extended their combined gla- 
cier front far up Bussell Fiord.^ The Bussell Fiord Glacier was then between 15 and 
%0 miles farther down the fiord than the front of Nunatak Glacier has been at any 
time since its discovery, and between 10 and 15 miles farther than Hidden Glacier 
front. The expansion of Turner and Hubbard Glaciers may have been less notable, 
but still great, a branch of the expanded Hubbard-Variegated Glacier perhaps joining 
the Bussell Fiord Glacier. The evidence of this advance is a aeries of stratified glacial 
gravels overridden by the ice and thereby sculptured by glacial erosion and veneered 
by a deposit of unassorted tiU, bowlders, and other glacial debris, while at the head of 
Bussell Fiord is an abandoned lake beach, formed by the waters held in behind the ice 
dam. That the period of ice advance was brief is proved by the fact that its erosion 
did not succeed in removing the gravels accumulated before the advance. Until 1906- 
07 Hidden Glacier was still receding from its advanced position, and recession was still 
in progress in Nunatak Glacier till 1909-10. The evidence that the recession had been 
rapid, and that the period even of maximum expansion was recent is complete, for on 
the outer part of the area reached by the glacier, and on and below the level of the lake 
beach, the forest has not yet reached the mature stage, while between this and the 
glacier the vegetation diminishes in age and stage of development, and for a distance of 
several miles from the glacier fronts only annual and perennial plants and individual 
young alder and willow bushes are growing. Similar conditions occur in front of Hubbard 
Glacier in Bussell Fiord and Disenchantment Bay. 

It is noteworthy that this advance followed a period during which the glacier fronts had 
been farther back than now, and which was of such long duration that mature forests 
grew on the shores of the fiord over which the advancing glaciers swept, and even up the 
valleys where ice now stands, as is conclusively shown by fragments of wood now being 
carried out by the glaciers from regions at present not forested. 

Northeast of Yakutat Bay, on the other side of the St. Elias Range, are the Deza- 
deash and Kaskawulsh valleys, within which McConnell® found convincing evidence 
in 1904 of former, long, narrow lakes which he believes to have been dammed by 
the e^anded glaciers of the upper Alsek region, that is by ice tongues connected with the 
through-glacier systems that reach Yakutat Bay. The preservation of driftwood and the 
lack of mature forest upon the abandoned lower beaches of these lakes, which were 150 
feet deep, and the legends of the natives suggest that the advance took place less than a 
hundred years ago, probably indicating a glacial expansion here contemporaneous with 
the last maximum of the Yakutat Bay region. The youth of the trees growing on these 
lower beaches, the spruces not being over 3 inches in diameter, proves how recently this 
advance took place. 

Brooks recognized the beach terraces in 1899 as of lacustrine origin,® but thought the 
lake had been drained by canyon-cutting below. The discovery of better-developed, 

1 Tarr, E. S. and Martm, Lawrence, Bull. Amer. Geog. Soc., Vol. XXXVlil, 1906, pp. 161-166; Tarr, E. S., 
Professional Paper 64, U. 8. Geol, Survey, 1909, pp. 125-187. 

* McConnell, R. G., The Euane Mining District, Geol. Survey of Canada, Ann. Eept., Vol. XVI, 1904, 
pp. 2A-4A. 

* Brooks, A. H., Reconnaissance from Pjnamid Harbor to Eagle City, Alaska, 21at Ann . Rept., U. S. Geol. 
Survey, Port II, 1901, p. 840. 
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higher beaches by McConnell in 1904, however, with mature forest hundreds of years 
old upon them, showing earlier lakes SOO feet deep, suggests that the glacier-dam explana- 
tion is correct and that there had also been still earlier advance and damming, perhaps 
contemporaneous with the earlier and greatest advance of the glaciers in Yakutat Bay, 
and elsewhere on the Pacific coast. Still earlier, but perhaps as a part of the same great 
advance, the glaciers had been so extended that the sites of these lakes were completely 
ice-covered. The north side of the St. Elias Range, therefore, serves to show the same 
glacial history as the south side: — (1) former great expansion of glaciers (perhaps with 
the 300 foot, forest-covered beaches associated with stages of ice-barrier lakes during 
retreat) ; (2) retreat of glaciers (since we cannot assume that the lakes stood at the 150 
foot stages long enough for mature forest growth on the beaches above) ; (3) readvance a 
century or thereabouts ago with the formation of the 150 foot and lower beaches, since 
which there has been continuous retreat. 

As shown by Wright^ and by Reid,^ Glacier Bay also furnishes evidence of a similar 
succession of recent events to that in Yakutat Bay and the north side of the St. Elias 
Range, and essentially contemporaneously with it. We may therefore assume that the 
last great expansion of the glaciers of the east end of the St. Elias Range was due to a 
cause which affected a mountain area with a northwest-southeast axis of at least 150 
miles and a width of over 50 miles. But in Prince William Sound we find no evidence of 
recent glacier expansion. There was a period of great early expansion corresponding to 
that during which the Yakutat Bay glaciers reached their greatest extent, completely 
filling the inlet; but this period was centuries ago. Mature forest now extends up to 
the fronts of some of the glaciers of Prince William Sound and nearly up to the fronts of 
others. They are, therefore, now almost as greatly expanded as at any time within a 
century or two; and Columbia Glacier is greater than it has been for a long time, for 
both at its sides and front it is encroaching on the mature forest. It is possible that these 
glaciers are now in a stage of advance comparable to that of the Yakutat Bay glaciers 
a century or more ago. 

Three possible explanations suggest themselves to account for this recent pronounced, 
but brief, advance of the Yakutat Bay glaciers and those in the two neighboring regions 
cited. The first of these is the diastrophic hypothesis, that uplift took place and the 
mountains were raised so much higher that the glaciers were thereby given greater snow 
supply. This hypothesis fails in one vital respect; by it we cannot account for the brevity 
of the advance and for the subsequent recession. It may, therefore, be dismissed as 
inadequate to account for the phenomena, as is the complementary hypothesis of sub- 
mergence proposed by Reid to account for the retreat of the Glacier Bay ice tongues. 

The second hypothesis is the vague one of climatic change, making no attempt to 
explain why it came, how it operated, or what its exact nature was, but merely for some 
unknown reason an increase in snowfall, or change in temperature, came to these moun- 
tains and that ultimately the glaciers flowing from them responded by advancing; then 
came diminution in snowfall, or increase in temperature, and accompanying recession. 
Lacking knowledge of the amount and nature of the snowfall and the temperature of the 
critical parts of the Alaskan coast, as we do, it is impossible to apply to this theory the 

1 Wright, G. F., Ice Age in North America, New York, 1891, pp. 51-57. 

a Reid, H. F., Studies of Muir Glacier, Alaaka, Nat. Geog. Mag., Vol. IV, 1802, pp. S4--10; Glader Bay and 
Its Glaciers, 16th Ann. Rept., U. S. Geol. Survey, Fart I, 1896, pp. 488-440. 
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test of actual climatic records. It would certamly seem remarkable, though, if after a 
long period during which the precipitation was not sufficient to push the glaciers out as 
far os their present termini, there came a sufficient increase in precipitation to push glacier 
fronts forward 15 or 20 miles or more, and then after a brief interval, sufficient diminution 
in precipitation, or increase of temperature, to allow the glacier fronts to recede 15 or 20 
miles. Such a great climatic change would of itself be so remarkable that we ought to 
at least see a sufficient reason for it. Failing that, the hypothesis seems improbable, 
and the improbability is increased by the discovery of the fact that the change in the 
glacier fronts of Yakutat Bay, and those north of the St. Ehas Range and in Glacier Bay, 
have not been paralleled a few hundred miles to the northwest, in Prince William Sound, 
which Kes in the same general climatic belt and whose heavy precipitation is induced by 
the same meteorological conditions that cause the heavy precipitation in the Yakutat 
and Glacier Bay regions. While we do not feel that in this case, as in the case of the 
hypothesis of uplift, we can dismiss the hypothesis as inadequate, we nevertheless are of 
the opinion that it is highly improbable and to be resorted to only when no other more 
adequate explanation is possible. 

The third hypothesis is that of earthquake shaking, which at first thought, might 
seem both extravagant and impossible, but in favor of which, nevertheless, much can be 
said. By this hypothesis it is assumed that a century or more ago there was a great and 
long-continued shaking of the snow-covered ranges of the mountain region from Yakutat 
Bay to Glacier Bay, perhaps in a series of years, with repeated great earthquake shocks. 
By this shaking and avalanche overloading of the glaciers a wave of advance was started, 
and in consequence of each great shock the advance was continued, until the glaciers 
reached their outermost positions; then, with cessation of vigorous shaking, the glaciers 
receded. The earthquake record unfortunately does not go back quite far enough for 
correlation as to this possibility, the earliest recorded earthquake which we have seen 
even mentioned having occurred in 1788. 

This hypothesis has the one great merit that the other hypotheses lack: it would 
account for all the phenomena. By it we can explain the local nature of the advance, 
its absence to the northwest, and even the present advanced position of Columbia Glacier. 
The hypothesis would also account for the briefness of the advance, and for the subse- 
quent rapid recession. There appears to be but one important objection to the earth- 
quake hypothesis, and that is the stupendous response to it by the glaciers. It may be 
said, however, that the same objection applies also to aU other hypotheses. There 
certainly was a great advance, difficult to explain by any of the hypotheses, and perhaps 
no more difficult under this one than under the others. In 1906 the senior author was 
inclined to believe this hypothesis so improbable that he resorted to “the vague hypoth- 
esis of climatic variations, ” but a further consideration of the problem, and especially the 
remarkable advance of Hidden Glacier, whose front was pushed 2 miles farther out in 
1909 than it was in 1906, has led both of us to the belief that the earthquake hypothesis 
is not so utterly improbable as to warrant discarding it. It is certainly conceivable that 
a series of severe shakings, like those of 1899, repeated through successive years, might 
cause even so great an advance as the 15 to 20 mile advance of Hidden and Nunatak 
Glaciers. When we know the nature of the response that the Hubbard and Nunatak 
Glaciers are going to make to the earthquake shaking of 1899 we may be better able to 
consider this hypothesis. If they do not advance greatly we should consider it far less 
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probable than we do now; but if their fronts are pushed forward we should be inclined 
to consider this the most rational of the hypotheses proposed. 

It is important to note that the former great advance of Hidden and Nunatak Glaciers 
15 to 20 miles beyond their present termini is not so remarkable as may seem at first 
thought. If, for instance, Hubbard and Turner Glaciers should be pushed out two or 
three miles, which, in view of the recent advance of the much smaller and less active 
Hidden Glacier, is certainly a conceivable result of advance due to earthquake shaking, 
the entire Russell Fiord and Nunatak Fiord would be transformed to a lake by an ice 
dam at the head of Disenchantment Bay. The tideless, fresh water of this lake would 
cause less recession in Nunatak Glacier than the tidal salt water now does. Mpreover, 
the lake water would be much colder than the waters of the fiord, which are influenced 
by direct connection with the ocean. This coldness would be increased by the icebergs 
from Nunatak Glacier, which could no longer escape to the Pacific, and by those from 
Hidden, Variegated, Orange, and perhaps smaller glaciers which would become tidal. It 
is even conceivable that the lake waters would be so filled with floating ice that they 
would remain frozen well into the summer. 

The effect of aU these conditions would be to aid in the extension of Nunatak and 
Hidden Glaciers in two very important ways: (1) by greatly checking the discharge of 
icebergs from the ice fronts, (2) by lowering the mean annual temperature of the region 
near by, and thus diminishing ablation and increasing snowfall. Thus a thrust which 
pushed Hubbard and Nunatak Glaciers forward a distance of only a few miles might 
result in a far greater extension of Hidden and Nunatak Glaciers. A part of this exten- 
sion would need no other impelling cause than that which now exists; for with lower 
mean annual temperature, and lessened iceberg discharge the fronts of the glaciers would 
necessarily move forward beyond the position which they now hold as a balance between 
supply and wastage from ablation and iceberg discharge. When the ice dam across 
Russell Fiord was removed by recession of Hubbard Glacier, the return of the tidal water 
to the margin of the advanced Nunatak Glacier would inaugurate recession at a more 
rapid rate, and if the cause for the advance had by that time died out, the glaciers might 
be expected to recede rapidly. 

These considerations are of course as applicable to an advance by other causes as to 
an advance in response to earthquake shaking. But since these associated phenomena 
make it clear that so great an advance as that of Nunatak and Hidden Glaciers does not 
necessarily mean an actual forward thrust of a glacier for 15 or 20 miles by the sole and 
unaided cause of response to earthquake shaking, they remove some of the objection to 
this hypothesis on the score of the enormous forward movement which actually occurred. 
Only a part of the advance is assigned by this hypothesis to the direct thrust; the re- 
mainder is ascribed to the result of accessory conditions indirectly the result of advance 
under the impulse of earthquake shaking. With this advance, and until further evidence 
is available, we believe that the earthquake hypothesis has basis for retention as a possible 
explanation of the remarkable advance of the Yakutat Bay glaciers, from which these 
glaciers were withdrawing when the earthquakes of 1899 gave rise to conditions by which 
new advance was necessitated in some of them, and perhaps, ultimately, in all the more 
important ones. 
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GLACIATION OP THE YAKDTAT BAY REGION 
Inteodtjctoey 

In the preceding chapters the main theme has been the consideration of the char- 
acteristics of individual glaciers, with only incidental reference to relationships and to 
more general problems, the single exception being the discussion, in Chapter X, of the 
problems presented by the advancing glaciers. There are, however, some features com- 
mon to many glaciers, some phenomena and problems relating to the region as a whole, 
and some of general interest because of application to other regions. It is the purpose 
of this chapter to briefly treat these phenomena and problems topically, introducing 
such repetition of statements previously made as is necessary for clear individual 
presentation. The first group of phenomena and problems relate to the characteristics 
of the glaciers themselves; the second to special problems clearly illustrated by certain 
of these glaciers; the third to resemblances between the existing glacial phenomena of 
Yakutat Bay and regions of former glaciation; and the fourth to the glacial history of 
the region. 

Chabactbkistics of the Glaoibhs 

As has been pointed out specifically m Chapter 11, and as is clear from the descrip- 
tions in the succeeding chapters there are many different kinds of glaciers near Yakutat 
Bay, differing greatly in size, rate of flow, and a multitude of other characteristics. No 
matter how different they may be, however, they are all alike in one important respect, 
— ^in some portion of their course, often in the middle, and sometimes throughout, they 
are normal valley glaciers. But the valley glacier portions grade down-stream to ter- 
mini which present great differences in characteristics; and up-stream there are also 
notable differences among the many glaciers of the region. These variations will be 
more specifically stated under four headings, the comice glacier, the valley glacier, the 
through glacier, and glacier termini. 

The Comice Glacier. The cornice glacier, common in glaciated mountain areas, is 
characteristically developed in the Yakutat Bay region in two relationships. First, 
where it is nourished by excess of snowfall on rock ledges or cliffs, being, therefore, due 
to favorable topographic inequality combined with such a climatic factor as a north 
exposure. This kind of shelf, or comice glacier has conditions almost exactly similar 
to the normal valley glacier, of which it forms an incomplete type, with surface plan 
of great irregularity and some times with a short vaUey glacier projecting from it. 
'MjBJxy of the glaciers of the Colorado, Montana, and Canadian Rocky Mountains are 
of this sort. They are often much larger in Alaska, and exist in hundreds in the 
mountains of the Yakutat Bay region, being larger on north than on south slopes, and 
in the irregular heads of valleys than in the smoothly-sculptured lower valley troughsi 
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where intense glacial erosion has removed the ledges. The second condition is where 
these cornice glaciers seem to be remnants of the thinner, shrinking valley glaciers of 
a region, and are not nourished where they rest but are slowly wasting away or remain 
nearly in balance between snowfall and wastage. Both types contain true glacial ice, 
whose blue or green may be seen in crevasses. They often move forward to cM edges, 
where fragments tumble to valleys below. They grade into the snowbank without ice, 
on the one hand, and into the true valley glacier on the other. 

The Valley Glacier. The Alaskan valley glacier is in no fundamental respect different 
from its counterpart in the Alps, Caucasus, Himalayas, and other mountain regions, 
and may, therefore, be considered normal. There are, of course, many differences in 
reservoir conditions, in number and nature of tributaries, in grade, in rate of flow, in 
extent of crevassing, in size, and in other less important respects. A few in the Yakutat 
Bay region have their sources in normal cirque reservoirs among lofty mountains; more 
flow from the steeply-inclined snowfield areas on precipitous mountain tops and slopes; 
some head on the broad flat divides of through glacier systems. There are so many 
glaciers that do not head in cirques, the snow supply is so heavy, and avalanches from 
vaUey heads and walls are so frequent that the bergschrund is not always well defined 
near Yakutat Bay. 

The glaciers are usually enclosed between steeply-rising ice-eroded mountain slopes, 
from which both snow and rock are frequently avalanched upon their surfaces. The 
snow line lies from 2000 to 3000 feet above sea level, and in aU the larger glaciers a part 
of the actively-moving ice stream lies above snow line, so that the nfiv6 region is likely 
to be concealed beneath the lower end of the snowfield. The glacier is supplied from upper 
reservoirs, from snowfall upon the glacier ice below these, from the avalanching of snow 
from steeply-rising enclosing mountain walls, both in and below the reservoir zone, 
and from tributaries. In this region of heavy snowfall the glaciers are so well supplied 
that even small tongues push their termini practically to sea level, while larger ones 
either enter the sea or spread out to the mountain base. 

The valley glacier has the normal morainic load common to such glaciers. There 
are medial moraines here and there, and lateral moraines are almost universally present, 
while the lower ice layers are heavily d6bris-charged. In some of the glaciers conditions 
of rock supply and ablation are so favorable that a sheet of dfebris coats the lower glacier 
from side to side, forming the broad fields of ablation moraine that are more fully de- 
scribed and discussed in a later section. In the dissipator, lateral moraines become 
etched into relief and a marginal valley commonly develops on either margin of the gla- 
cier, in which streams flow and deposits of complex nature are being accumulated. These 
marginal conditions are absent in only a few cases, the three most pronounced being 

(1) where recent spasmodic advance has closed up marginal valleys previously existing, 

(2) where the glacier terminates in a cascade on the steep face of the valley wall, and 
(S) where the combination of ablation and iceberg discharge in an actively-moving valley- 
enclosed glacier, cuts back into the dissipator too rapidly for the development of marginal 
valleys, as is illustrated in Nunatak Glacier. 

The deposits which would be left in these mountain valleys if the valley glaciers should 
melt out of them, would, about the termini, be closely like those of other valley glacier re- 
gions. There would be a fairly thin sheet of ground moraine, more or less well-defined me- 
dial and lateral moraine bands, and marginal valley deposits of varying character, extent » 
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and form, according to the conditions surrounding their accumulation and the length of 
time occupied by it. One notable difference from normal valley glacier deposits would 
be found in some of the valleys, in which a sheet of somewhat weathered, angular fragments 
would overspread the ground moraine. This, representing the ablation moraine, would 
form a thin sheet, varying in thickness and with a somewhat hummocky topography. 

The Through Glacier. The through glacier condition has already been described 
with such fulness that little remains to be added here. It is a common condition in 
the Alaskan coast ranges to find mountain valleys so flooded with ice to the divides 
that one can travel by fairly even grade from the dissipator of a glacier up across a broad, 
flat divide-reservoir, then down to a dissipator in another valley, without being able to 
determine where the boundary line between the two glaciers is to be drawn. Such is 
the through glacier, occupying a through valley with low divide. In some cases more 
than two ice tongues ejctend from a through glacier divide area. Because of the exten- 
sive development of the through glacier condition there is a network of ice-flooded 
valleys, the full extent of which can only be inferred in the present state of our knowl- 
edge of the Alaskan coast ranges back from the coast. 

The through glacier condition is certainly not confined to the Alaskan mountains, but 
it is more strikingly developed there than in any other region of which we have seen 
description. Its extensive development here is dependent upon the combination of three 
very favorable conditions, as follows: — (1) the fact that at a former period the glacier sys- 
tems of the Alaskan coast were far more extensive than now; (8) the fact that this period 
of glacier expansion lasted long enough for extensive glacial erosion to lower many divides; 
and (3) the fact that, even in the present shrunken condition of the glaciers the snow- 
fall is so heavy that both glacially-deepened valleys and lowered divides are still ice 
flooded. There is reason to believe that in the former period of expanded glaciers, and 
before the present valleys were so deepened by glacial erosion, ice currents streamed 
across many divides, and in different directions from now. Some of these divides were 
completely removed by erosion, but many were only partly removed; and in the latter 
case, as the volume of the ancient glaciers shrank, the time came when some of these 
lowered divide areas became the flat ice-divides of through glaciers. Doubtless in other 
cases, bock among the mountains where, as Russell vividly describes it, the ice-flooded 
valley condition is so well developed, both valleys and divides are still so deeply buried 
beneath snow and ice that glaciers are streaming across divide areas and still lowering 
divides between mountain valleys. 

One of the needs of Alaskan glacier study is the exploration and mapping of some of 
the through glacier systems, for at present we know veiy little about the conditions a 
few miles back from their termini. It will be interesting to know more about the source of 
the ice supply, though in all probability this varies greatly in different glaciers. Lying, 
as they do, in broad valleys among extensive, lofty, snow-covered mountains, it is cer- 
tain that they receive important avalanche contributions from the enclosing mountains, 
as well as contributions from tributaries descending to them from the upper mountain 
valleys. In the larger, more active, through glaciers, these must fumii the main ic^ 
supply; but in some of the smaller, less active glaciers, like the Orange Glacier, and per- 
haps even the south arm of the Nunatak Glacier, a large part of the snow supply, and 
perhaps even the dominant part of it, apparently comes from the snow that falls on the 
broad divide and upon the glacier surface Itself. 
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It is noteworthy that, while smaller glaciers are often covered with broad sheets of 
ablation moraine, through glaciers are not so characterized. In the active tidal glaciers, 
such as the Hubbard and Nunatak, this might be explained by the failure of ablation 
in connection with iceberg discharge; but in such glaciers as the Hidden and Fourth, 
where ablation lowers the terminus to a thin edge, and where the terminus lies in the 
same relation to sea level as smaller, neighboring moraine-covered glaciers, this explana- 
tion fails. The absence of moraine sheets in the lower glacier in such cases must be 
explained by failure of debris to be incoiporated in the ice so extensively in the through 
glaciers as in the smaller vaUey glaciers. This lack of incorporated debris may be due 
to a combination of several causes, varying in relative importance in the different gla- 
ciers, among which are the following: — (a) the fact that a considerable part of the ice 
is supplied by snow falling directly on the glacier; (b) the breadth of the through glaciers, 
making it impossible for avalanches to spread completely across the glaciers as they 
may in narrower glaciers; (c) the relative weakness of tributaries by which the d6bris 
that they contribute is kept on one side of the main glacier by the greater force of its 
current; (d) the deep snows which mantle so large a proportion of the upper mountain 
slopes with so deep a cover that the mountain rocks are protected far more than the steep^ 
bare slopes which border a large portion of the smaller valley glaciers. 

Even where through glaciers emerge beyond the mountain valleys and expand in 
piedmont areas, as in the Malaspina Glacier, some of whose tributaries are probably 
through glaciers, the extent of the sheet of ablation moraine is proportionately less than 
that of the smaller glaciers. Thus, although there are such broad sheets of ablation 
moraine on the Malaspina as to have attracted wide attention, the most extensive of 
these are really marginal, and related to the lateral accumulations by the tributaries 
which supply the Malaspina ice. Extensive as these sheets of ablation moraine are on 
the Malaspina Glacier, when compared to the glacier system as a whole they are far 
less notable than the ablation moraine of the Atrevida-Lucia piedmont glacier system. 
The Malaspina and its tributaries are dominantly clear ice, with only relatively-small, 
peripheral, ablation moraine areas and larger lateral sheets; but the smaller Atrevida- 
Lucia piedmont glacier is completely moraine-covered, and the morainic sheet even 
spreads well up the valley portion of each tributary. Extensive morainic sheets are, 
therefore, not characteristic of the through glaciers, but rather of the smaller glaciers, 
being present even where they terminate within their mountain valleys, but being far 
more developed where their termini expand in piedmont areas outside of their mountain 
valleys. 

The Glacier Termini. It is the lower portions of the Alaskan glaciers that have so 
far been most carefully studied, and it is these portions, also, that present the most 
varied and interesting phenomena, and those which supply most facts of value for com- 
parison with glaciers of other regions, both existing and extinct. Among the Alaskan 
glaciers there are many different conditions in the termini, and as most, if not aU of these 
are illustrated in the Yakutat Bay region, it seems worth while to briefly state in the 
following paragraphs some of the more notable differences observed. 

The termini of many glaciers, probably the majority, are at their jimction with larger 
glaciers to which they are tributary. The conditions here vary greatly according to the 
relative size of tributary and main glacier and to the position and direction at which 
they enter. In the vast majority of cases these tributaries cease at once to have notice- 
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able influence, the ice and debris supply which they contribute being so small a propor- 
tion of the whole that they are completely dominated. Occasionally a tributary is so 
nearly equal to the main stream that it maintains individuality, both in its ice currents 
and in its morainic areas, clear to the glacier terminus; and now and then, where two 
large glaciers unite, one is so much the stronger that, as in Hubbard, Nunatak, and 
Fourth Glaciers, both the ice current and the moraine of one are pushed far over to one 
aide by the greater force of the other. On the other extreme we find many cases of 
glaciers, especially those cascading from small hanging valleys, which barely coalesce 
with the main glacier, and sometimes just fall short of doing so. In such cases local en- 
largement of the lateral moraine of the main glacier occurs at and just below the point 
of incoming of the tributary, but otherwise no noticeable influence is caused by it. 

Some glaciers terminate in hanging valleys, at varying distances back from the lips. 
Such glaciers are often moraine-covered at their ends, and, if they halt long enou^, 
they build terminal moraines. Prom the terminus one or more streams issue, heavily 
charged with debris, which in some cases, where the valley grade is steep enough, is 
borne on beyond the lip of the hanging valley, but in other cases is partly deposited on 
the floor of the hanging valley, forming a more or less perfect outwash gravel plain. In 
all cELses a large porportion of the debris is borne on to the lip of the valley, thence down 
the steepened slope to the flatter slope at its base, or to the sea, where deposit is exten- 
sive. Here are bmlt steep alluvial fans on valley sides, and large, steep deltas where 
the steepened slope descends to the fiord. The great volume of water, with its sedi- 
ment load and its steep grade has invariably cut a gorge below the hanging valley 
lip which it is rapidly deepening; but the time since these streams have been flowing 
is so brief that the gorges are rarely deep or broad. They increase in depth and breadth 
toward the outer portions of the fiord, as one would expect in view of lie fact that the 
steepened slopes there have longer been exposed to the erosive action of the stream; but 
this increase is less striking than might be e^ipected, since the glaciers in these hanging 
valleys are smaller than those in the inner portions of the fiord and the water supplied 
by their melting is therefore less in quantity. 

A few hanging valley glaciers extend to the very lip of the valley, and some extend 
even beyond it, terminating as cascading glaciers. In these cases there is a smaller al- 
luvial fan or delta at the base of the steepened slope, and a less developed gorge has 
been cut in the steepened slope. Indeed, the cascading glaciers may have no gorge what- 
soever, their streams flowing along several courses on the surface of the steepened slope. 
These glaciers usually have a more or less well-defined moraine at the base in which 
is incoiporated snow and ice blocks that have fallen from the steeply perched ice terminus. 
Being only recently disconnected from the main glacier, and having usually only a 
brief duration in steeply-perched positions, the cascading glaciers do not commonly 
form extensive deposits or leave striking records of their former presence; and such 
records as they do leave are soon buried beneath the growing alluvial far^s. 

Fairly good sized glaciers that terminate in valleys near sea level, where ablation is 
rapid, have made much more extensive deposits than in any of the preceding cases. If 
the glacier fronts were stationary, terminal moraines would doubtless develop; but, 
since the glacier history of Yakutat Bay has been one of general recession, such deposits 
are not common, though they have been found in a few places, such as Calahonda valley. 
The receding glacier contributes most of its d4bris to streams, leaving only tliin deposits 
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of coarser fragments where they were brought by the glader, and especially in marginal 
deposits. The glacial streams issue with great volume in this climate, and they bear 
vast quantities of sediment, varying from clay to coarse gravel and small bowlders. 
Where the grades of the valleys are steep enough, much of this debris is borne to the 
fiord, but, in those valleys with flatter grade, outwash gravels accumulate; though even 
in these cases extensive deltas are built in the fiord, and vast quantities of clay are con- 
tributed to the deposits being laid down on the fiord bottom. At times, as in the case 
of Hidden Glacier, outwash gravel plain and delta coalesce, and from the glacier front 
to the sea there is a continuous outwash gravel plain, growing finer in texture toward 
the sea, and beyond mid-tide level consisting mainly of clay. Such deposits, extending 
from one side of the valley to the other, overspread and bury from view those deposits 
that were previously made beneath the glacier, or by its melting; and, in fact, they some- 
times bury the glacier end itself, giving rise to extensive buried ice blocks. 

Some of the smaller glaciers that terminate in the position here being considered have 
their ends covered by ablation moraine and are in a stagnant state; and in some cases 
the lower ends are even disconnected from the upper part of the glaciers. Under these 
conditions the rate of ablation is decreased, the extent of outwash gravel deposit is 
diminished, and neither glacier ends nor glacier deposits are extensively buried beneath 
the gravels. In such cases the record of former presence of glaciers will include a sheet 
of slightly-irregular moraine, including a large percentage of angular, frost-riven blocks. 
One might expect to find eskers in such situations, but not where the recession of glaciers 
is so closely followed by gravel deposit as to cover both previous deposits and glacier 
ends. In the latter case, however, conditions are favorable for extensive development 
of kame topography when the buried ice blocks melt and the overlying gravels slump 
irregularly. 

The Nunatak Glacier is the only case in this region of a tidal glacier which terminates 
in a mountain valley which it completely occupies from side to side. Ablation is rapid 
and iceberg discharge active, the two causes together suJEcing to cause rapid recession 
of the glacier front. Marginal drainage is not developed, but subglacial or englacial 
streams pour volumes of water into the fiord in front of the glacier. Doubtless these 
are giving rise to extensive sedimentation in the neighboring fiord, but owing to the 
rapid recession of the glacier front these deposits are spread over a wide area. Should 
the front halt for a time the vast quantities of sediment that are doubtless pouring out 
from the ice front would build notable terminal deposits. In the deposits that are ac- 
cumulating both fine and coarse material are of necessity included, thus differing notably 
from the outwash plain deposits in which the clay element is almost completely absent. 
These submarine deposits must also differ from those of the land streams in the presence 
of large rock fragments dropped from the glacier front or from the icebergs; but the 
number of these fragments is not great, for the larger proportion of the material that the 
ice bears to its front is carried away in the icebergs. This deposit should be assorted 
throughout, for in addition to the fact of its deposit in water, in which there are strong 
tidal currents, it is brought to its place of accumulation by rapid streams, whose continued 
progress is arrested by the mass of standing fiord water. 

The other two tidal glaciers — ^Turner and Hubbard — differ from the Nimatak in one 
very notable respect. They extend beyond enclosing mountain walls and spread near 
their terminus. Were the fiord water absent, these glaciers would doubtless develop 
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expanded piedmont bulbs; but the attack of the sea water and the rapid dispersal of 
ice that falls into the fiord from the glacier front, succeeds in truncating the bulbs, so 
that they are only partially developed- In those portions of the ice front from which 
icebergs are discharged the conditions are similar to those of Nunatak Glacier, and the 
remarks made about the deposits there apply in all essential particulars here also. Along 
the margLos, however, the conditions are different, for in their lateral spreading both the 
Turner and the Hubbard Glaciers have extended so far as to give rise to small areas of 
stagnant or partially stagnant ice on either margin. Along these less active areas mar- 
ginal streams flow and each has built a small alluvial fan. 

A number of glaciers, including several of small size, expand at the mouths of their 
valleys giving rise to piedmont bulbs, or bulb glaciers. These are sometimes in larger 
valleys, like Variegated Glacier in the Russell Fiord trough, but more commonly are 
at the mountain front, like GaJiano Glacier. Where two or more glaciers descend from 
neighboring valleys, and expand sufficiently, the piedmont bulbs may coalesce and 
form a piedmont glacier, as is illustrated by the Atrevida-Lucia, and, far better, by the 
Malaspina Glacier, formed by the union of several large glacier bulbs, and the type 
case of the piedmont glacier, made known to us by Russell’s researches. The pied- 
mont glaciers and the piedmont bulbs have many peculiar and interesting features, 
including marginal deposits of varied character, ablation moraines, buried ice blocks,, 
and outwash gravel deposits, fully discussed in later pages. 

Special Problems 

Among the glacial phenomena some warrant more detailed discussion. These relate 
mainly to the piedmont condition, to some of the phenomena associated with other 
glaciers, and to the work of the formerly more extensive ice tongues. 

The Piedmont Bulbs. The phenomenon of spreading of glaciers on e^iergence from 
valleys is common in the Alaskan region. Indeed, it is universal wherever the glaciers 
extend beyond the valleys which confine their upper portions, whether the escape be 
into a broader valley, as in the Variegated Glacier, or beyond the mountain front, as in 
the Atrevida. This spreading to the piedmont bulb condition is evidently due to lateral 
flowage where an ice supply is released from lateral confinement, and it bears a very 
close resemblance to the flowage of wax or other viscous substance. We interpret it 
as a phenomenon of viscous flowage of unconfined ice. 

In all the cases which we have studied, the phenomenon of the piedmont bulb ex- 
pansion is the product of a previous stage. We cannot, therefore, give a description 
of the piedmont condition at the time of formation. We infer, however, that the ice of 
the entire piedmont area was then in motion, though with great diminution in velocity, 
toward the periphery, reaching stagnation and perhaps being almost motionless around 
the margin, and especially in the lateral margins. Nor were we able to describe the ice 
currents in such a bulb. Judging from the great morainic swirls on the Malaspina Gla- 
cier, and the crescentic banded moraines on the Variegated Glacier bulb, the ice currents 
are complex and peculiar and a determination of their nature would be a matter of great 
-interest. The currents seem to give rise to a broadening and spreading of medial and 
lateral moraine bands; but our knowledge of their nature and behavior is so slight that 
we are unable at present to go farther than we have done in our description and interpre- 
tation of the morainic phenomena of the Variegated Glacier. 
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One might expect important influence from uprising bottom currents, and, as is shown 
in a succeeding section, there is evidence that there is such influence in the production 
of interior flats. But, in general, there does not seem to be much effect from uprising 
of ice, for the moraines which cover the piedmont bulbs are prevailingly of angular 
material, such as falls upon glacier surfaces and in glacier reservoirs, not such as has 
undergone the scouring necessary in bottom ice layers. It is hoped that further study of 
Alaskan glaciers may yield facts which we lack at present concerning the nature of 
ice motion in piedmont bulb areas. 

The piedmont bulb areas which we have so far studied have at some previous stage 
of greater expansion spread to their present extent, and doubtless farther. Whether 
this expansion was one of rapid or slow advance we do not know, nor can we assign to 
it an exact date. In the cases of some, however, notably the Lucia, Atrevida and Galiano 
Glaciers in Yakutat Bay, we know that the period of stagnation following the advance 
began not less than half a century ago, for trees of that age have grown on the stagnant 
outer portions of these bulbs. A similar statement applies to the piedmont bulbs of 
Allen, Heney and Miles Glaciers in the lower Copper River valley, though they may 
possibly be a little younger. Malaspina Glacier maintains some activity throughout 
most of its area, being motionless only in a few parts where the spreading has been greatest. 

Following the expansion of the piedmont bulbs came a cessation of supply sufficient 
to maintain the bulb portion, and normally one might expect rapid destruction by abla- 
tion. In these cases, however, such destruction has been prevented by the concentra- 
tion of moraine on the surface of the bulbs so protecting the ice as to greatly reduce 
the rate of ablation. In fact, in some of the outer portions of the bulbs thd moraine has 
become so thick that ablation has almost ceased. From the forest-covered bulbs of the 
Lucia and Atrevida Glaciers, for instance, only trickling streams of water ordinarily 
emerge, and the stability of the buried ice is so great that dense, continuous forest 
growth covers the ice. Also, where alluvial deposits have been laid down on the ice, 
as in the bulb of the Galiano Glacier, the rate of melting of the buried ice must be ex- 
ceedingly slow. In such cases it is’ probable that scores of years, and perhaps even a 
century or two, will be required to remove the ice from beneath its protective covering 
of moraine and alluvial deposit. The exceedingly slow rate at which the moraine-covered 
ice melts, and the fact that Malaspina Glacier inside the moraine-covered portion is 
not greatly lowered, is interpreted as evidence that this glacier is still in motion through- 
out most of its area; it promises a rich field for detailed study and one that wiU probably 
throw much light on the movement of ice in piedmont glacier bulbs. 

Ablation Moraines. In their present wasted stage the piedmont bulbs present several 
interesting phenomena due to the progress of wastage. One of them is the presence of 
extensive sheets of moraine, some of which extend up the valley glacier portion. Similar 
sheets occur on small glaciers which are entirely confined to mountain valleys. Al** 
though differing greatly in detail of form, extent, and composition from place to place, 
the ablation moraines throughout the region have the same general characteristics. 
Some of the details peculiar to individual glaciers have been considered in the chapters 
discussing these glaciers; it now remains to consider the ablation moraine in general. 

On any individual glacier the moraine sheet is found to vary greatly in thickness from 
place to place. The broadest areas of thickest moraine are the peripheral portions where 
stagnation has lasted longest and ablation has, therefore, been most effective. Here 
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the moraine may be from 5 to 10 feet deep. Marginal bands of deeper moraine also 
extend up the lateral margins of the valley glaciers, marking the site of the lateral moraine 
accumulation. There are crescentic bands of thicker moraine in the piedmont bulbs, 
giving rise to ridges because of retarded ablation, while crescentic valleys lie between 
the ridges where the moraine is thinner. As ablation proceeds the position of the ridges 
and valleys change, for when the ridges become too steep the moraine slides into the 
depressions. Speaking generally, there is a gradational decrease in thickness of abla- 
tion moraine from the periphery of the piedmont bulb to the part of the valley glacier 
where the ablation moraine disappears, a point which varies greatly from glacier to gla- 
cier, but which is always in the area of thedissipator, and well below the snow line. This 
decrease in thickness is locally interrupted by areas of thickening on ridge tops and of 
thinning in valleys and on steep ridge slopes. 

There are variations in nature of material composing the ablation moraine. Speaking 
generally it is made up of frost-riven angular fragments of rock of the kind enclosing 
the upper glacier, and often includes bowlders of huge size. Scratched stones are also 
found, though not commonly, and there are even areas of clay and waterwashed gravel, 
for short streams flow on the moraine, and pools are not uncommon. There are bands, 
often crescentic, in which rocks of one kind so predominate as to give rise to bands of 
color on the glacier surface, as in the Variegated Glacier. With our lack of knowledge 
of the behavior of ice currents in spreading glaciers, and our ignorance of the bed rock 
in most of the enclosing valley walls, it is not possible to offer a definite explanation of 
these variations. They are without question due to the flow of the ice in the piedmont 
bulb, distributing the load which the ice bears and which is brought into prominence 
by ablation; but the nature of the process is not yet clear to us. 

On the thicker, outer portion of the ablation moraine the soil has such stability that 
vegetation grows luxuriantly and one often needs to study closely to determine where 
the land forest ends and the glacier forest begins. It seems that from 5 to 10 feet of 
moraine on ice in this climate is sufficient to give rise to such a condition of stability 
as to permit practically uninterrupted forest growth with spruce, hemlock and cottonwood 
trees like those on land. The density and maturity of the forest growth progressively 
diminishes from the peripheral zone, and near its inner margin there are abundant signs 
of the struggle to which plants are subjected when growing in a slumping soil. The 
average age of the plants, here, mainly, if not entirely, alders and willows, may be from 
ten to twenty years, and the majority of individuals are healthy and undisturbed. But 
areas occur where for some reason ablation is locally more active, and there plants are 
found overturned, others with their roots partly uncovered, others partly inclined; in 
fact all stages in plant destruction are to be seen, and perhaps on the slopes of some 
basin containing a pool, or where a moulin has opened in the moraine, the ice itself may 
even be seen. Looking down upon a forest-covered ablation moraine from some favora- 
ble viewpoint, numerous areas of this sort may be seen. They seem to be related to the 
development of ice drainage in the vegetation-covered parts of the piedmont bulb; but 
they occupy only a small proportion of the vegetation-covered part of the moraine and 
are mamly confined to the inner part of the zone. Even here, however, the condition 
of soil sfability is in general sufficient to permit the growth of mature alders. 

From the zone of occasional slumping there is a rapid gradation to the barren zone of 
the ablation moraine, which is a true desert, almost devoid of life. In this gradational 
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belt, vegetation is struggling against increasing odds until, finally, plant growth be- 
comes impossible because of the excessive instability of the soil. The seeds of the alder 
are taking root all over the ablation moraine within the zone of vegetation; and, near the 
inner border of that zone, occasional plants may succeed in maintaining growth for a 
year, or two, or three in especially stable areas; but, ere long, even the most stable soil 
yields to the undermining and the shrubs perish. One finds plants with green leaves, 
but with nearly aJl the roots exposed; others dead; and some, overturned and buried, 
with their roots in the air and their branches under ground, sending out roots from the 
stems. It is a hopeless struggle, and at a distance of a few hundred yards from the inner 
alder zone few, if any, plants are found. Grasses and annual plants, and even lichens 
on the larger bowlders no longer find it possible to survive the constant rolling and slid- 
ing to which the morainic soil is subjected. 

When subjected to advance, as Atrevida, Galiano and Marvine Glaciers were, even the 
zone of stability temporarily becomes impossible for plant growth. Many trees and 
bushes are destroyed by the direct thrust and breaking of the ice; but many more are 
destroyed by the sliding of the soil into the newly-formed crevasses. By these two 
means great windrows of dead alder and other trees were caused by the 1906 advance. 

On the ablation moraine desert, where no plant life can find a foothold, the evidence 
of instability due to rapid ablation is everywhere present. Here the average depth of 
moraine cannot be more than two or three feet, and ice is to be seen here and there. 
The surface is exceedingly hummocky and in whatever direction one travels it is 
necessary to go up hiQ and down, rising 50 to 150 feet from valley bottom to hum- 
mock crest. There seems no system in detail, though the topography is, in general, 
a series of roughly circular or elliptical kettles with enclosing ridges of varying heights. 
From the steeper slopes, bowlders are constantly sliding and when one takes a step on 
such a slope he may start an avalanche of stones, or he may himself slide down the de- 
scent when his foot comes in contact with the thinly-veneered ice slope. Even on the 
more level parts, bowlders are often perched in such unstable positions on hidden ice 
pedestals that a mere touch may overturn them. Everywhere instability is evident and 
there is complete demonstration of the rapid progress of ablation; but when viewed from 
a distance the ablation moraine seems only a barren waste of d6bris with little or no ice 
to be seen. 

In spite of the rapid ablation on the moraine-covered ice, there is little flowing water 
to be seen, excepting where it emerges in great torrents from the glacier margins. There 
is a great abundance of trickling riUs down the steeper slopes, and probably also be- 
neath the moraine on the lesser slopes, but this drainage is usually toward small enclosed 
basins from which escape is found into the ice. Now and then one of the kettles has no 
outlet and then a pool or pond is formed, but these are relatively unconunon. The 
nature of the outlets of the kettles is generally hidden from view by the d6bris which 
has sKd into them from the margins; but not imcommonly one can hear the falling water 
as it cascades into hidden moulins. Only in the larger ice valleys are there large moulins. 
There the ice drainage follows small rills into many small kettles, thence into the glacier 
and probably soon to its bed. Evidence of the presence of at least some englacial streams 
was seen in several places where tunnel ends were exposed to view by the melting of the 
glaciers. Since the sliding of dfebris from the ridges into the kettles transforms areas of 
thicker moraine to areas of thinner deposit, and since the largest fragments, at least. 
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cannot be carried out of the kettles into which ^ey slide, we assume that kettle areas of 
•one period become hummock crests in others, and that one-time ridges later develop into 
kettles. If this is so, the position of the glacial drainage is constantly changing in detail. 

By the ablation and the consequent drainage some of the moraine is carried off by 
the streams, but the proportion thus removed cannot be great, otherwise it would be 
impossible for such extensive sheets of ablation moraine to accumulate. Most of the 
rills are fairly clear and free from sediment, and since the streams do not ordinarily 
attain large size or flow for more than a few score yards before descending into the 
glacier, the load which they bear cannot be great. They certainly could not carry bowl- 
ders and large pebbles, and the evidence is convincing that they do not carry large quanti- 
ties of even the finer material. The glacial torrents which emerge from the margins of 
the piedmont bulbs are, however, heavily burdened with sediment; and, although some 
is doubtless contributed from the ablation moraine, we infer that much the greater pro- 
portion is derived from the lower layers of the glacier. 

The extensive sheets of ablation moraine on the piedmont bulbs have two important 
•effects. In the first place they prevent most of the local influence on climate which such 
extensive ice sheets would normally exert; and consequently dense vegetation can grow 
up to the glacier margin, and even on its surface where soil stability is sufficient. Sec- 
eondly, they' retard the melting of the glaciers, especially the outer parts, so that such 
ice sheets persist long after they would if not moraine covered. It would be interesting 
to know the rate of lowering of such covered glaciers, and it is our hope and expectation 
to undertake some such measurement, or at least to provide a beginning for measure- 
ment. UntU, however, we have some carefully-run lines of levels, and some knowledge 
■of ground temperature on and near the buned ice masses there can be little gained from 
a discussion of the probable duration of the buried stagnant ice. That it melts very 
slowly and lasts a long time is abundantly proved. 

Moraine-covered glaciers are not confined to Alaska, though it is from the Alaskan 
glaciers that we have obtained our fullest knowledge of this condition. They are pres- 
ent in the Himalayas, and there are ice tongues resembling them, though without pied- 
mont bulbs, in the Alps. In both these cases, and, in fact, in general, and even in Alaska, 
ihe clear ice glacier is the normal, and the moraine-covered glacier the exception. Our 
knowledge of the distribution of this type of glacier and of the surrounding conditions 
is not sufficient for anything like a final consideration of its cause. Yet there are some 
facts already obsen^ed in the Alaskan region which contribute toward an explanation 
of the phenomenon. Among these one of the most notable is the fact that the larger 
glaciers are less liable to the condition than the smaller; and another noteworthy fact 
is that small, valley-enclosed glaciers are commonly moraine-covered whereas the large 
ihrough glaciers are not. A third noteworthy fact is that the ablation moraine is pre- 
vailingly made of angular fragments such as are contributed by avalanches. The 
inference that we draw from these three facts is that in certain glaciers whose walls are 
gteep enough, whose width is small enough, and whose enclosure is sufficiently complete, 
•enough dfebris is avalanched into the reservoir and out upon the valley tongues to 
provide material with which ultimately, through ablation, to clothe the entire glacier 
surface with a sheet of ablation moraine. In broad glaciers and in through glaciers all 
the necessary conditions are not present and consequently complete covering by abla- 
tion moraine becomes impossible. 
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Doubtless there are other factors which must be taken into account in a complete 
analysis of the phenomenon, and some of these are already evident. For instance, there 
must surely be steep slopes; but those are common enough and are present even in the 
vaUeys of glaciers which have no ablation moraine. Sufficiently steep slopes are almost 
invariably insured where dwindling glaciers occupy the beds of valleys overdeepened 
during a previous stage of greater expansion. Without steep slopes, such as glacial 
erosion provides, extensive ablation moraines are not possible; but that their presence 
alone is not a sufficient cause is abundantly proved by the absence of such moraines 
in valleys whose walls are as steep as those of moraine-covered glaciers. Another factor 
that is certainly important is friability of rock. The best ablation moraines of the Yaku- 
tat Bay region are in the friable Yakutat shales, sandstones, and conglomerates; but they 
are also present on glaciers, like the Variegated, which descend through valleys in crys- 
talline rocks. It is probable, however, that extensive ablation moraines, such as those 
of Yakutat Bay, could not develop on glaciers whose entire course was through valleys 
enclosed in massive gneiss or granite. We are inclined to believe that the absence of 
ablation moraine on many small glaciers, enclosed between steeply-rising valley walls, 
like some of the Alpine glaciers, is due mainly to the stability of the valley wall rock. 

A third possible factor, naturally suggested in this region, is that of earthquake ava- 
lanching. Valley walls are greatly steepened by glacial erosion, especially in the weaker 
friable rocks, and by shrinking of the glaciers these too-steep walls are exposed to sub- 
sequent weathering. One finds abundant evidence on every hand that weathering is 
working rapidly to reduce such slopes, for avalanching is commonly observed, and the 
rock is crossed by rifts and gashes, where weathering is preparing masses to sKde down 
the steepened slopes. Sometimes these gashes in the upper part of the steepened vaUey 
slope are so wide that one cannot cross them, and scores of yards in length. When an 
earthquake comes there are many such masses ready to fall under the impulse of the 
associated shaking; and we have abundant evidence that great numbers of such masses 
did fall during the earthquakes of 1899. Such masses may often be of sufficient size 
to spread completely across a valley glacier. If a glacier bearing such a load is caused 
to advance by earthquake avalanching, we have a means of quickly moving down the 
vaUey the rock masses which the avalanching supplied to the glaciers; and if the pied- 
mont bulbs themselves are the product of a great advance under the earthquake impulse, 
as is possible, the broad sheets of ablation moraine which cover them may in part be due 
to this cause. Earthquake shaking would have the double effect of quickly rolling 
to the glacier surface a larger amount of material than mere weathering would supply 
in the same time, and of contributing it in such great individual avalanches that it could 
spread farther out on the glaciers than would be common in those avalanches caused 
by weathering alone. The aid of earthquakes is not essential, but it simplifies the proc- 
ess and is i)erhaps an important factor. It wbuld also explain the fact which we observed 
in Atrevida Glacier, that the area of ablation moraine desert extended farther up the 
glacier in 1909 than it did in 1905. 

Interior Flats. In the description of Variegated Glacier it is shown that there is a • 
level area, crescentic in form, and bordered by moraine-covered ice which rises steeply 
100 to 150 feet above the plain. This level area is evidently a part of the glacier which 
for some reason had a thinner moraine cover and, therefore, wasted so much faster 
than the neighboring parts of the ice that it had, by 1905, become the seat of alluvial 
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deposit from glacial streams emerging from the Variegated. In 1905 ice still existed 
beneath the flat, and alluvial deposit upon it was rapid. The advance of the Variegated 
Glacier in 1906 overrode a small part of the flat and destroyed one of the streams that 
had flowed out upon it in 1905. In 1909 the condition of the flat was not greatly different 
from the 1906 condition. 

The interior flat seems to be a fairly constant feature of piedmont bulb glaciers, being 
developed just outside the mountain front. In the Butler Glacier, for example, the 
interior flat is just within a crescentic area of moraine-covered ice now completely 
detached from the glacier, and representing the last stages in the destruction of a pied- 
mont bulb. Here no ice seems to exist beneath the former interior flat. 

Galiano Glacier also has an interior flat area. The valley glacier expands beyond the 
mountain front and appears to terminate in a moraine-covered ice cliff; but beyond 
this is an area of lowland, which in 1890-91 was the seat of extensive, alluvial-fan deposit. 
The advance of Galiano Glacier prior to 1905 destroyed this flat by disturbing the ice 
beneath it, and also extended beyond the flat, raising the moraine-covered ice in a series 
of hummocks over a broad area. Evidently Galiano Glacier has much the same condi- 
tion as Variegated Glacier except that the buried ice is thicker, and the alluvial fan on 
the interior flat was larger. 

A perfect interior flat exists in the piedmont bulb of Allen Glacier in the Copper River 
valley, but here it is less advanced than in the cases already described, for alluvial de*- 
posit upon it has only just begun, and the ablation moraine on the inner side is less 
notably developed. It is possible that the lake in front of the Miles Glacier is developed 
on the site of an interior flat in that glacier. The Heney Glacier on Copper River also 
has an interior flat. 

There is no well developed interior flat on the Lucia Glacier, though in 1905 and 1906 
there was a small area of clear ice with a lower surface, in the midst of the ablation 
moraine, and just where the glacier began to expand notably. It was half or three quarters 
to a mile long and a quarter of a mile broad in its widest part, and offered the easiest 
route over the otherwise moraine-covered, hu mm ocky surface of the glacier between 
Terrace Point and Floral Pass. This was being destroyed by the 1909 advance. 

In 1905 and 1906 there was no interior flat area on Atrevida Glacier, but a very per- 
fect, well-defined area of clear ice was introduced by the 1906 advance and, by the prog- 
ress of ablation in the interval between its formation and our next visit in 1909, its 
clear surface was lowered well below the level of the surrounding area of moraine-covered 
ice. AlS a result of the 1906 advance a similar area, though not as well defined because 
not so thoroughly moraine enclosed, developed on Variegated Glacier some distance 
inside the previously-existing flat. 

The interior flat is so frequent an associate of the piedmont bulb condition that we 
believe it to be due to the operation of some general cause. The nature of this cause 
is suggested by the development of the area of clear ice in Atrevida Glacier during the 
1906 advance. As stated in the discussion of this phenomenon there is strong reason 
for considering it the result of the upflow of clear ice from below, when, during advance, 
the flowage of the ice is retarded by the resistance of the stagnant, partly rigid, outer 
portion of the piedmont bulb. 

For the phenomenon we propose the following working hypothesis, whose fuller dis- 
cussion may be postponed until we have a larger body of observational data from a 
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greater series of glaciers. Wten a piedmont bulb is formed, the ice spreads as long as 
the supply is maintained, and, as ablation proceeds, the surface of the bulb becomes 
coated with moraine, it the supply of incorporated d6bris is sufficient. Under such 
conditions an interior flat should not be expected. But if a period of stagnation is suc- 
ceeded by readvance, and especially if the advance be rapid, the spreading of the ice is 
interfered with by the stagnant outer part of the piedmont bulb, and, at the appropriate 
place, rising of lower ice occurs, introdudng an area of clear ice where none existed 
previously. According to the thickness of the outer glacier, its degree of stagnation, 
and the rate and duration of the advance, the position and extent of the interior flat 
will vary. Thus with two advances of different intensity, or with different ice condi- 
tions, two interior flat areas, in different portions, may develop in the same glacier, as 
has occurred in the Variegated Glacier. 

Marginal Deposits, Tne deposits accumulating around the margins of the Alaskan 
piedmont glaciers are complex and interesting. The most notable fact is that they are, 
in the main, water-laid. Doubtless by the melting of the ice a veneer of ground moraine 
is being accumulated on the site of the glaciers; doubtless, also, upon this is accumulated 
a veneer of angular d6bris from the ablation moraine; and doubtless there are subglacial 
deposits of water-laid material, such as eskers; but in the areas occupied by the pied- 
mont bulbs these deposits are for the most part masked by deposits from the water which 
issues from the wasting glaciers. The burial of these deposits is greatly aided by the 
slowness of wasting of the moraine-covered glaciers, as a result of which even the glacier 
ends themselves are at times buried beneath extensive alluvial deposits. Since there is 
no persistent advance of the piedmont bulbs there is no opportunity for the development 
of fringing moraines. The glaciers attain a position during advance and spreading, 
and they retain this position for a long time, not through continual supply, but because 
of the protection from ablation which their moraine cover supplies. Abundant water 
issues during the long period of wastage, and it bears enormous loads of sediment. Hence 
water deposits assume immense importance. Probably far the greater part is deposited 
in the neighboring sea, to which nearly all of the clay is carried; but the greater portion 
of the bowlders, pebbles, and sand accumulate either in alluvial fans fringing the glaciers, 
in deltas on the fiord shores, or in the beaches between the deltas. 

If one of these glaciers should completely disappear, there would be left, as the most 
conspicuous deposit, a broad, crescentic frontal zone of coalescing alluvial fans, very 
coarse in texture near the glacier fronts, and grading to gravel and sand away from it, 
with clay beyond on the fiord bottom. On the inner margin, in favorable places where 
the gravels rested on ice, a hummocky deposit would develop as a result of irregular 
settling during the melting of the buried ice, with pond and small lake areas within it. 
Thus a morainic topography, kame-moraine would perhaps be better — ^would develop 
in a more or less perfectly crescentic area around the outer margin of the piedmont bulb, 
grading outward into the more even slopes of alluvial fans and outwash gravel plains. 
On the inner side of the morainic crescent would be a depression, with irregular surface 
and with a veneer of coarse angular fragments. The site of the depression is often oc- 
cupied by a lake. 

Leading from the crescentic moraine, on either end of the crescent, there would ex- 
tend a marginal band of deposit, also wateivlaid, marking the sites of the marginal streams, 
and extending well up into the mountain valleys. These marginal stream deposits 
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would be exceedingly complex, gravel in the main, but with local lake sediment areas, 
with patches of moraine, with included plant remains and peat bogs, with alternate 
layers of two or more of these, and, in places, with gradations to marginal valleys and 
even rock gorges, where the lateral streams had been forced to cut across rock spurs. 
All these varieties of conditions are present along the margins of the existing glaciers, 
and since they have been fully described and discussed elsewhere,^ they will not be further 
considered here. 

Origin and Effects of Icebergs, Origin and Nature, Vast quantities of ice are dis- 
charged from the three tidal glaciers, — ^Nunatak, Turner, and Hubbard; and the amount 
of floating ice in the inlet, particularly in Disenchantment Bay, is very great. The larger 
portion of this ice is in small pieces, but there are also many large icebergs, some rising 
40 to 50 feet out of the water, or even more, and having a length of 200 to 300 feet. Many 
of the icebergs, especially the smaller, are free from d6bris, but large numbers bear some 
moraine, while icebergs black with included debris are by no means uncommon. We 
estimate that about twenty per cent of the icebergs cany a noticeable amount of mo- 
rainic material, and at all times thousands of tons of debris are being floated in the waters 
of Yakutat Bay. Naturally most of it is finer material, but many icebergs are seen in 
which good-sized bowlders are embedded. Since there is little moraine in the portion 
of the glaciers above water level, and since the marginal moraine-covered portions of the 
glaciers discharge few icebergs, we assume from the abundance of d6bris-charged icebergs 
that there is much moraine incorporated in the lower layers of the glaciers, and that these 
d6bris-charged layers extend a considerable distance above the bottom of the glaciers. 

The discharge of icebergs is almost constantly in progress-from the front of the largest 
tidal glacier, the Hubbard, and at frequent intervals from the other two. One need 
look at the Hubbard front but a few minutes to see the fall of icebergs, while the sound of 
their discharge, and the waves to which they give rise, are almost incessant. The most 
noticeable discharge is that from the ice cliff above water level, from which single blocks 
and avalanches of many blocks are commonly seen cascading down the ice front and 
sending the spray high in the air. Occasionally great masses tumble down into the fiord, 
but most of the discharge is in the form of small pieces, a few feet in diameter. Even 
when a large mass starts, it usually crumbles in its descent and reaches the fiord in small 
pieces, for the upper ice is evidently not only brittle, but weakened by much breaking. 
Often, when viewed from a distance, the falls of ice down the glacier front resemble a 
mass of falliog water. These iceberg falls from the tidal cliff are made possible by the 
attack of the sea water at and below the visible cliff base, by the extensive crevassing which 
breaks the upper glacier, and by the melting of the glacier in the air, by means of which 
the disruption of the ice is extended. By these means the rapidly-moving glacier is 
checked in its advance. 

Worh Performed. Because of the rapid and abundant discharge of ice from the cliff 
above tide level a submerged, projecting ice foot is produced from which masses rise every 
now and then, producing the larger bergs of the inlet, including the glassy and most of 
the dSbris-charged icebergs. Probably most of these rising icebergs are small, but both 
Russell and the senior author have witnessed the rising of large masses, and there are 

1 See Tarr, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, TJ. S. Greol. Survey, 1909, pp. 
96-106, 120-137; Some Phenomena of the Glacier Margins in the Yakutat Bay Region, Alaska, Zeitschiift 
fUr Gletscherkunde, Vol. IH, 1908, pp. 81-110; von Engeln, O. D. Zeitachrift fUr Gletscherkunde, Vol. VI, 
1911, pp. 104-160. 



GLACIATION OF THE YAKUTAT BAY REGION 


£13 


many hundreds of large icebergs floating in the fiord at all times, most of which must 
have come from the lower part of the glacier. When such great masses rise they send 
out huge waves which cause violent surf on the neighboring coast. 

The formation and dispersion of icebergs produces important results in addition to 
checking the advance of glaciers. One of the most important of these is that of marine 
erosion resulting from the iceberg waves. Within three or four miles of Hubbard Glacier 
front iceberg waves are almost constantly breaking, and frequently with such violence 
that it is sometimes difficult to land, even on a beach, and dangerous to attempt a land- 
ing on a rocky coast. These waves are accomplishing far more work of erosion than the 
wind waves, and they are both building beaches and cutting sea cliffs. Gilbert found, 
what our observations abundantly confirm, that some of the sea cliffs near the tidal glacier 
fronts are at a higher level than these waves now reach, evidently having been formed 
when the glacier fronts were nearer and the waves, therefore, both hi^er and more 
vigorous. 

Since practically all of the icebergs melt within Yakutat Bay they are important agents 
in transportation of the sediment which is accumulating there. They contribute both 
to the beaches and to the sediments away from the shore, which are mainly clay brought 
by the glacial streams. One may be confident that scattered through these fine-grained 
sediments is a notable admixture of coarser ice-bome fragments, even to the size of 
large bowlders. By this iceberg dispersion of glacier-borne material, the rate of upbuild- 
ing of moraine deposits at the front of tidal glaciers is greatly diminished; and when one 
finds such an extensive submarine moraine as that which sweeps in a broad crescent 
at the mouth of Yakutat Bay he may feel certain that the ice stood there for a long time. 
Probably, too, it is composed in large part of materials poured into the sea by the glacial 
streams. 

Many of the icebergs are stranded on the beaches. At times the west shore of Disen- 
chantment Bay and Yakutat Bay as far £ls the Kwik River is so covered by stranded 
bergs that it is difficult to land a boat, especially when the surf is breaking. These 
stranded icebergs melt rapidly and contribute much material to the beaches; the siuJ, 
swirling among them, moves and grinds up the beach material; the icebergs are rocked 
and pushed back and forth, aiding directly in erosion; and only rarely do they form such 
a rampart as to check erosion by completely breaking the force of the waves. Off shore, 
large bergs are often stranded, and when they run aground, they must plow up the bottom 
material, while when they break and the fragments rock back and forth, they must cause 
still further erosion, and the waves to which they give rise add materally to the surf work 
on the neighboring beaches. Many of the stranded bergs remain for several days in one 
place and must give rise to local deposits of coarse material, forming pockets in the midst 
of plowed up and disturbed clay and sand sediments. The same phenomenon is often 
observed on the beaches where icebergs have stranded at high tide, and on melting, or 
floating off, have left pockets of angular rock fragments in a pit in the sand, where the 
iceberg stood. So much coarse material is brought by the icebergs that aU the beaches 
in the zone of abundant bergs contain a notable admixture of coarse fragments, including 
bowlders of good size, especially at and near the low tide mark, where large icebergs often 
strand. 

Dispersion of the Icebergs. The dispersion of the icebergs of Yakutat Bay is very 
peculiar, for, notwithstanding their abundance and the large size of many of them, it 
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is rarely the case that one is seen in the broad outer part of the bay, and so few escape to 
the ocean that they are not considered a menace to navigation. A broad and constant 
stream of icebergs passes out of Disenchantment Bay, hugging the west shore, though 
broadening somewhat in the outer portion; but beyond the Kwik River few are ever seen, 
and they are normally rare in the central and eastern parts of the bay. Practically the 
entire mass of ice discharged by the three tidal glaciers is melted either in the waters of 
the inlet, or by stranding on the west shore north of the Kwik River. This is very differ- 
ent from the condition at Columbia Glacier where the waters of the inlet are not heavily 
burdened with icebergs, for, in spite of the great amount of ice discharged from the 
glacier, a few of the bergs are carried out of the fiord into Prince William Sound. In 
Yakutat Bay some set of conditions prevents the discharge of the icebergs through the 
broadly-open bay mouth. 

The Ice Jam of June^ 1910, In June, 1910, the junior author encoimtered an ice jam in 
Yakutat Bay which seems to have been caused by a combination of unusual conditions 
which was not present at the times of our earlier visits. When we sailed into Disenchant- 
ment Bay on June 12, 1910, we found much heavier ice at the native sealing camp than in 
previous years, and from that point to Osier Island the boat was forced through the ice 
pack with the greatest difficulty. There was much less clear water between the sealing 
camp and Calahonda valley than usual, and from the south end of Haenke Island to 
Osier Island there was a solid jam of icebergs without any open lanes whatever. Near 
shore, as well as out in the bay, the conditions were the same, and only by pushing the 
bergs aside with boat hooks and oars were we able to keep the bow and propeller suffi- 
ciently clear so that the engine could keep the boat progressing. There was an enormous 
and unusual proportion of bergs so large that they could not be pushed aside, and the 
danger of their overturning and swamping the boat kept us constantly on the alert. 
The tidal currents also added to the difficulty by drifting towering icebergs down upon 
the boat when it was temporarily at a standstiQ. It took us from 5 in the afternoon to 
10.80 at night to travel the last part of the way, a distance which the boat ordinarily 
would make in less than an hour. The next day we could see the ice jam clearly and 
found Disenchantment Bay and Russell Fiord tightly packed with icebergs (PI. XC) 
from the sealing camp to Marble Point, an area of between 40 and 45 square miles. This 
is exclusive of a great number of icebergs in outer Yakutat Bay, the west side of which 
is commonly filled with icebergs, as already stated. The east side also had many more 
bergs than is common, as is stated later, and there were more than usual in Nunatak 
Fiord and the south part of Russell Fiord. Between the sealing camp and Marble Point 
the fiord was absolutely filled with ice, a condition which we have never before observed. 

On the evening of Jime ISth there seemed to be a narrow strip of clear water on the 
north side of RusseU Fiord southeast of the delta of Variegated Glacier; but on the 14th, 
when we tried to cross to this from Osier Island the ice jam was still so compact that the 
launch was unable to make headway against it. We struggled for six hours (from six in 
the morning to noon), and travelled less than a half mile. The smaller ice fragments 
had frozen together the night before, some of the conglomerate cakes being strong enough 
to bear the weight of a man, and it was necessary to break these apart with an oar or 
axe before the boat could penetrate through them. There were hundreds of very large 
bergs where m previous years we had commonly seen a dozen or less, and between them 
was such a solid pack of smaller fragments that no water was visible in the fiord. It was 
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necessary to turn the boat this way and that, and four of us were busy all the time break- 
ing ice, pushing bergs from under the bow and away from the propeller while the other 
three respectively steered the boat, started, stopped and backed the engine, and attended 
to the smaller boat we were towing. Sometimes we were stopped absolutely for several 
minutes at a time and now and then the tide drifted the largest icebergs, which we at- 
tempted to avoid, down close to us. When one of these bergs, rising fully 100 feet above 
water, and therefore six to seven hundred feet from base to crest, turned over and went 
to pieces a himdred yards from us we were not a little dismayed, for if the same thing 
had happened when we were a little nearer it would have been entirely impossible to go 
away or even to turn the boat bow-on to the gigantic wave which spread from the crum- 
bling iceberg. The filling of the boat by a wave, or the falling of one of the ice fragments 
into the launch, would have resulted in iostant disaster. » These personal adventures 
are narrated here to show the dense character of the ice jam on June 12th, 18th, 14th and 
15th. Venturesome as some of the party were, it was agreed by all that the mass of 
icebergs was not to be penetrated by our boat, and after struggling to the lee of a reef 
and anchoring at noon in the hope of better conditions after the tide had turned, we were 
temporarily forced to give up the struggle with the ice. 

On June 16th, however, there was less ice in Russell Fiord than on the four previous 
days, and we made our way slowly through the ice pack to Marble Point, above which the 
fiord had many clear lanes. 

During the next two days when we were busy in Nunatak Fiord, Seal Bay, and the 
head of Russell Fiord nothing was seen of the conditions near Osier Island, and on our 
return June 19th the ice jam had cleared to such an extent that we were able to find 
enough clear lanes so that an easier trip was made back to the vicinity of the native seal- 
ing camp, in the course of which a landing was effected on the border of Hubbard and 
Variegated Glaciers and a few soundings were made between Osier and Haenke Islands 
and the Hubbard Glacier. The waves from falling ice pinnacles on Hubbard Glacier 
were damped by the blanket of icebergs covering the fiord so that there was little danger 
from them while we were in the thicker ice. 

On June 20th, and again the next day, we attempted to force the launch through the 
ice of southern Disenchantment Bay to the west shore, where we were most anxious to 
visit Lucia Glacier. Similar conditions to those near Osier Island were encountered, and 
although we went south into outer Yakutat Bay some distance toward the Kwik River 
we were unable to cross the bay. The huge bulk of giant icebergs looming through a 
dense fog added to the difficulty here and it was impossible to see any distance ahead. 
We steered by compass, though with innumerable detours, and were eventually turned 
back because of the entire absence of open lanes through the ice. On Jime 22nd it was 
also impossible to cross Yakutat Bay to the west side because of the ice jam and on this 
and the preceding days we forced our boat through much thicker ice than we had pene- 
trated in the previous years’ work in Yakutat Bay, making a few soundings along the 
east shore of Disenchantment Bay. Going down to Knight Island, very heavy ice was 
encountered in the broad outer part of Yakutat Bay, the pack fillin g the bay to the east 
shore some distance south of Logan Beach. Except for scattered fragments we have 
never before seen floating ice on this east shore. Residents at Yakutat Bay told us that 
many icebergs came ashore earlier in June as far south as Khantaak Island. 

Summarized, therefore, the ice jam of June, 1910, in Yakutat Bay, Disenchantment 
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Bay, and Bussell Fiord was a feature not observed in previous years. It was heavier 
near Osier Island on June 12th to 16th than on the 19th and near the sealing camp on June 
19th to 22nd than on the 12th. We thought of it at first as possibly due to a great 
advance and increase of iceberg discharge from' Hubbard or Nunatak Glacier, or both. 
This was perhaps a contributing cause, but the clearing up of the ice jam, even while we 
were there, shows that it was not the chief reason. As a matter of fact neither glacier 
had advanced much, and Nunatak Glacier which moved out the farthest of the two did 
not supply Nunatak Fiord with many more icebergs on June 17th than during the pre- 
vious years. 

The ice jam seems to be due mainly to a climatic combination. There was an excep- 
tionally heavy snowfall in 1909-10 and a late spring, for photographs show that there 
was much more snow at sea level in Yakutat Bay on June 11-26, 1910, than at the time of 
Russell’s visit on July 3, 1890, or that of the Harriman Expedition on June 19-22, 1899. 
There was far more than during our previous visits. The local climate was therefore 
colder, icebergs melted more slowly, and their freezing together at night hindered free 
floating with the tide. These conditions, combined with a little increase of iceberg dis- 
charge, are doubtless responsible for the ice jam of June, 1910. Such a jam may occur, 
in less accentuated form, every spring. Our previous visits have perhaps been just too 
late to witness it, though natives have reported heavy ice which interfered with sealing 
operations just before our arrival in several previous years. There was probably less 
ice just before our visit in 1910, for a bear hunter and the missionary of Yakutat had 
each penetrated into Russell Fiord in a smaller and less powerful boat than ours not 
long before our visit in the middle of June. They encountered less ice than we did. 

Since the ice jam formed after these visits and cleared up somewhat while we were 
there, probably moving outward down the bay, it is thought to be an abnormal occur- 
rence due to such a combination of circumstances as is outlined above. 

There seems to have been a similar ice jam in Yakutat Bay in the spring of 1911, as is 
indicated by the following letter. \ 

Branch Hydrographic Office, 

Poet Townsend, Wash. 


NOTICE TO MARINERS 


April 17, 1911. 


Captain McGillivray of the Am. S. S. ** BERTHA** reports that on April 10, 1911 in Lat. 59° 38', N. Long., 
141° 30' W. passed through a field of drift ice and large bergs. Ship ran 53 miles E. N. E. with ice on all sides 
as far os 80 miles off shore. EEad to stop the ship on several occasions on account of large bergs floating so close 
together. Ice was probably blown out of Disenchantment Bay, Large bergs were drifting toward the track 
of ships passing to the eastward of Cape St. Elias. 

A. B. Wtckobot, 
lA & ut , U. 8. N. 


The latitude and longitude given is oS the western edge of Malaspina Glacier and 
almost directly south of the new Icy Bay (Chapter HI). It is quite possible that these 
icebergs may have come from there rather than from Disenchantment Bay. As drift 
ice in suJEcient amount to interfere with navigation is exceedingly unusual in this part 
of the Pacific Ocean the occurrence is well worth attention. 

Glacial Sculpture Below Sea Level- Glacial erosion above sea level was studied in our 
investigation before 1910 and earlier by Russell and Gilbert. Below sea level the form 
of the bay and fiord are revealed by soundings, which were first carried on systematically 
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by tbe junior author in 1910. Earlier soundings had been made as follows. In 1786 
the French explorer, LaPerouse, recorded depths of water in the mouth of outer Yakutat 
Bay. In 1787 the English explorer, Dixon, sounded in Port Mulgrave, the harbor at the 
east entrance of Yakutat Bay. In 1791 Malaspina, an Italian in the service of the Span- 
ish, made a few soundings in lower Disenchantment Bay between the native sealing camp 
and Haenke Island, and made a good map of Port Mulgrave with soundings.^ In 1788, 
1793, or 1807 Russian explorers made three or four soundings in western Yakutat Bay 
near Galiano Glacier.* Other soundings were made in Icy Bay near the west side of 
Malaspina Glacier by these Russians and by several English explorers. 

In 1890 the American Revenue Cutter Corwin took Russell into Disenchantment Bay, 
making two soundings, which an officer of the ship has since roughly located for us, near 
the native sealing camp and west of Haenke Island. They also made several unrecorded 
soundings, and Russell ® says that “soundings made between the island (Haenke) and 
the ice foot (Hubbard) gave forty to sixty fathoms,” and that “a few soundings made in 
Disenchantment Bay within half a mile of the land showed a depth of from 40 to 120 
fathoms.” In 1891 Russell attempted to determine the depths of water in what we now 
call Russell Fiord and states ^ that “with a line 170 feet long we could get soundings 
only in the smaller coves and occasionally within a few rods of shore.” In 1892, a century 
after the early, precisely-located soundings by Malaspina, the U. S. Coast and Geodetic 
Survey made an excellent chart of outer Yakutat Bay, showing the depths of water 
from the Pacific to the mouth of Disenchantment Bay. This is the basis for the bathy- 
metric map by Gilbert ® which is reproduced in this book as Fig. 21. The Harriman 
Expedition made no recorded soundings in 1899, though they carefully investigated with 
the lead before taking the George W. Elder through Disenchantment Bay, Nunatak Fiord, 
Seal Bay, and to the very head of Russell Fiord, demonstrating that an ocean-going 
steamer can sail in all parts of this deep inlet, where floating ice does not prevent. We 
ourselves made no soundings in 1905 or 1906. In 1905, however, we did locate several 
new reefs, north of Haenke Island and east of Knight Island, which were uplifted during 
earthquakes in September, 1899.® We also made several hundred measurements of 
amounts of vertical change in about 120 miles of shoreline, where there were uplifts of 
from 7 to 47 feet, submergences of from 5 to 7 feet, and unknown changes offshore, where 
there was faulting along some of the fiords. In 1909 an attempt was made to carry out 
a systematic series of soundings, but the attempt failed because the apparatus which we 
had proved to be inadequate. 

In 1910, the junior author, ably assisted by Mr. E. F. Bean of the University of Wis- 
consin, made soundings throughout Russell Fiord and all of Disenchantment Bay except 
the iceberg-crowded western portion. A boat sounding apparatus loaned by the U. S. 
Coast and Geodetic Survey made it possible to secure most satisfactory results which are 

' These French, English, Spanish, and Eussian soundings are plotted in the respective reports and atlases 
and reproduced by Eussell in Nat. Greog. Alag., Vol. HI, 1891, Plates 3, 4, 6, and 7. 

> Shown in Tebenkof’s Atlas, 1852, and reproduced by Davidson in Trans, and Proc. Geog. Soc. Pacific, 1904, 
PI. 6. 

• Eussell, I. 0., Nat. Geog. Hag., Vol. m, 1891, pp. 56 and 100. 

4 Eussell, I, C., 13th Ann. Kept., U. S. Geol. Survey, Part H, 1892, p. 90. 

■ Gilbert, G. K., Harrinian Alaska Expedition, Vol. m, 1904, Fig. 27, p. 50. 

• Taix, R. S. and Martin, Lawrence, Bull. Geol. Soc. Amer., Vol. 17, 1006, PI. 23 facing p. 54. These reefs 
are also referred to in U. S. Coast Pilot, Alaska, Part 1, 1908, pp. 186-186. 
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plotted in PL XCI and our contour maps. The depths shown were all obtained in 1910 
except the one of 264 feet west of Haenke Island, which was made by the Corwin in 1890, 
two of 630 and 1002 feet respectively in the mouth of outer Yakutat Bay, made by the 
Coast Survey in 1892, and two of 720 feet (no bottom), south of Haenke Island, made by 
Malaspina in 1791. None of these soundings in 1910 are corrected for mean sea level and 
they were taken at various and unrecorded stages of tide. As the extreme range of 
tides at Yakutat village is seven to ten feet, and the maximum in Russell Fiord probably 
not greatly in excess of this, the greatest error in any sounding is surely less than ten feet, 
wtuch for the pmposes of this discussion is negligible. Not quite all our soundings 
are shown on PI. XCI, because of the small size of the map. Each sounding is plotted 
so that the middle of the figure is at the location of the sounding. 

These soundings show specifically, what we had previously inferred, that the fiord is 
very deep. It reaches a maximum of 1119 feet below sea level in southern Russell Fiord, 
where it exceeds even the greatest recorded depth in outer Yakutat Bay. The depths 
in Disenchantment Bay range from 150 to 942 feet, with possibly greater depths 
in the western half of the bay, where the ice jam made sounding impossible. There is a 
channel east of Haenke Island sloping regularly southward from 264 to 576 feet. North- 
western Russell Fiord slopes southeastward from 216 to 888 feet, being shallowest, as Dis- 
enchantment Bay is also, near Hubbard and Variegated Glaciers. Nunatak Fiord has 
depths of from 261 to 666 feet, not sloping regularly as northwestern Russell Fiord does. 
Southern Russell Fiord has depths of from 786 to 1119 feet, with rapidly shoaling water 
in Seal Bay near Hidden Glacier and at the head of the bay where the fiord emerges from 
its mountain walls and- expands in the Yakutat Foreland. In aU parts of the inlet the 
water, of course, shallows rapidly near shore but, as Russell observed, the fiord is every- 
where deep and steep-sided. 

The great depth below sea level, the form of the submerged topography, and the de- 
partures from normal slopes, etc., are all explained satisfactorily by glacial erosion, which 
seems to have completely erased the structural or stream-carved-and-submerged pre- 
glacial topography. The features in connection with glacial deposits below sea level 
win be taken up on a subsequent page. Those due to glacial sculpture fall under the 
headings of (a) the fiord cross-section, (b) the longitudinal bottom profile of fiords, (c) 
the submerged hanging valleys. 

The fiord cross-section (Figs. 17 and 18) is plainly that of a round-bottomed V, as 
Davis has phrased it, rather than the often-quoted D-shape. The slopes above and 
below sea level are not essentially different. Knowing the depths of water in the fiord, 
and the steep-sided character of the fiords, the bulk of rock eroded in the formation of 
these fiords could be computed and the result would be a striking figure. How rapidly 
the water deepens offshore in places ia shown by the fact that a sounding 100 yards from 
the coast near Pt. Latouche at the east entrance to Disenchantment Bay gave 312 feet, 
a slope of over 45 degrees. The fiord cross-section is a simple one and its large pattern 
is that of glacial erosion, in contrast with the angular pattern of faulting or the 
complex, small-textured pattern of stream erosion. 

The longitudinal bottom profile of fiords, brings out tht^ points: (1) we cannot dis- 
tinguish irregularities due to glacial erosion from those due to glacial deposition below 
water by soundings alone; (2) the vertical range in the bottom profile constitutes a marked 
contrast between fiord-bottom profiles and those of stream valleys; (3) because of the 
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flattish bottom revealed in cross-sectiona and the straightness of fiord walls, a number of 
similar, parallel, bottom profiles exist in eveiy fiord. 

The first point is well brou^t out by comparing the submerged contours of north- 
western RusseU Fiord with those of Nunatak Fiord and southern RusseU Fiord. The 
bottom profile of the former reveals a persistent southeast slope at the rate of nearly 
sixty feet to the mile, while the latter do not slope consistently but have marked up and 
down grades. These might perfectly well be due either to irregular glacial scooping 
or to moraines below sea level, resting on a simple slope similar to that in northwestern 
Russell Fiord. With glaciers of this size, differential glacial erosion of two or three hun- 
dred feet in a distance of several miles in a longitudinal valley is perfectly possible, as 
glacial rock basins in various regions testify, but submerged moraines of this height are 
also possible. It is enough to point out here that the bottom profiles are thus interrupted, 
as in Nunatak Fiord and lower Russell Fiord, in contrast with regular, uninterrupted, 
bottom slopes in northwestern Russell Fiord and the channel east of Haenke Island in 
Disenchantment Bay, and that we ascribe some such interruptions in grade to glacial 
scooping, and others to submerged moraines. Imperfectly eroded knobs surrounded by 



Fig. 17 . Section or Bat and Hidden Glaceeb with Its Submebobd Hanging Vadlbt. Cbobs- 
Section op Russell Fiobd. Vebtical and Hohizontal Scales the Same. 


deep water also exist, such as the 18 foot shoal near Osier Island where the Princess 
Maquinna grounded in 1913. 

The second point, regarding longitudinal fiord bottom profiles in contrast with longi- 
tudinal profiles of stream valleys, cannot be discussed adequately with the existing doubt 
regarding the cause of these interruptions of fiord bottom slopes. If some of the two or 
three hundred foot interruptions in slope are in rock, and not due to moraine accumula- 
tions, we have an excellent argument in favor of the glacial origin of these fiords, for 
upgrades of 800 to 300 feet are impossible in stream valley profiles, whereas rock basins 
would naturally develop in fiord bottoms or in valleys above sea level when eroded by ice. 

The map shows clearly that many parallel longitudinal bottom profiiles are possible 
with the width of the fiattish fiord floors, as in northwestern Russell Fiord. This con- 
trasts markedly with the bottom of a submerged, stream-eroded valley where the medial 
bottom profile is rarely straight and almost never could have a single similar profile parallel 
to it. There are no submerged spurs entering the fiord from either side. The bottom 
profiles, longitudinally, show that the fiord is exactly sunilar in plan above and below 
water and is characteristically of the large, simple pattern produced fjy great ice erosion. 

The submerged hanging valley is well illustrated by Seal Bay (Fig. 17) which is from 
180 to 600 feet deep and hangs approximately 400 feet above Russell Fiord. We think 
of no essential differences in origin between the hanging valley above and below sea 
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level and in this case it is very clear that the four hundred feet of discordance measures 
the difference in erosive power of the former Russell Fiord Glacier and the smaller ice 
stream of its tributary, the Hidden Glacier. That the Hidden Glacier was not wanting 
in erosive power is evidenced by its steep valley wajls below sea level in Seal Bay as well 
as above sea level near the present glacier. The lip of this hanging valley also testifies, 
by its position well out in the fiord, that the Hidden Glacier pushed the Russell Fiord- 
Glacier well to the west at their junction, thus lessening the discordance of junction. 
That Hidden Glacier did not erode as fast as the main ice stream, however, is shown 
conclusively by this submerged hanging valley. 

The hanging valley condition also exists near Cape Enchantment, the junction of 
Nunatak and Russell Fiords, where the distributary of Hubbard-Variegated Glacier 
moving southeastward in the northwest arm of Russell Fiord was evidently stronger than 
the former Nunatak Glacier. The amount of discordance may be as great as 444 feet 
or as little as 200 feet, depending on whether there is a submerged moraine here. It is 
clear from these soundings near Cape Enchantment, and from the upslope toward Varie- 


^000 feet 



gated Glacier, that the ice from Nunatak Fiord did not move northwestward toward 
Hubbard Glacier for a very long time.^ That this hanging valley is not due to faulting 
is shown specifically by two soimdings of 888 feet, on either side of a fault line which 
traverses the fiord bottom. The cliff of the hanging valley is a mile east of this fault. 

A third pronounced case of topographic discordance below sea level is the channel 
east of Haenke Island in Disenchantment Bay, whose relationship to Disenchantment 
Bay is very much like that of the valleys north and south of the nunatak of Nunatak 
Glacier. The end of this channel hangs at least two or three hundred feet above the 
main Disenchantment Bay, the depths of water in the western part of which are still 
partly undetermined. 

It is to be noted that these submerged discordances (200 to 450 feet) are less than those 
above sea level, for example 1300 feet in one hanging valley of Nunatak Fiord, and per- 
haps 1500 or 2000 feet in others. This is because glaciers which are large enough to- 
descend to sea level usually are less discordant in size and power than those small glaciers- 
which do not reach the sea. 

The soundings also reveal the total amount of discordance of a number of hanging val- 

1 That one of the last moTemehts was northwestward is amply proved by descending glacial grooves, roche 
moutonn^es forms with crag and tail details, etc. See Professional Paper 64, U. S. GeoL Survey, 1909, p. 119» 



GLACIATION OF THE YAKUTAT BAY BEGION 


221 


leys whose mouths are not submerged. Calahonda valley, for example, hangs about 
600 feet above eastern Disenchantment Bay, minus the slight amount to which its rock 
lip, now buried by outwash gravels, lies below sea level. The Aquadulce valley, at the 
native sealing camp, probably hangs more than 900 feet. Several small valleys on the 
west side of lower RusaeU Fiord hang one or two hundred feet above sea level, but their 
total discordance to the bottom of Bussell Fiord is 1000 or 1200 feet. The visible 700 foot 
discordance of a prominent hanging valley in Nunatak Fiord is increased to over 1300 
feet by the depth of 612 to 666 feet of water in the fiord. 

It is impossible to state how much Turner Glacier hangs above the bottom of Disen- 
chantment Bay, for soundings are lacking here. Turner is much smaller than Hubbard 
Glacier and the discordance should be great. The visible discordance is at least four or 
five hxmdred feet, to which the nearest soimding adds only 276 feet. Between this sound- 
ing and the Turner Glacier, however, is just where the powerful Hubbard Glacier should 
have eroded most deeply within the steep walls of Disenchantment Bay, and we should 
be surprised if the water is not over 900 or 1000 feet deep in that part of the fiord. 

Submerged Glacial Deposits. The soundings in the fiords tributary to Yakutat Bay 
add to our knowledge of the glacial deposits below sea level. It is unfortunate that time 
was not available for determining the material on the bottom of the fiord and for taking 
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temperatures, etc., and, in the absence of bottom samples, little can be said of the specific 
nature of the submerged glacial deposits. We can speak more definitely, however, of 
the topography of some of the underwater deposits. 

In Nunatak Fiord the soundings reveal a shoal a little less than 1| miles from the 1910 
ice front (Fig. 19). Upon this the water is 261 feet deep in mid fiord so that the shoal 
rises 294 feet above the fiord bottom to the east (toward the glacier) and about the same 
amount above the more distant deep region to the west. This may be either a moraine 
or a rock ridge. The ice front stood here as recently as 1899 but we do not know 
for how long. We had previously suspected a shoal here, for large icebergs habitually 
stranded upon it, especially near the north shore, in 1905 and 1909. It may be 
morainic, as Fig. 19 suggests. It is of imdetermined width and descends most steeply 
on the east ade (suggesting an ice contact), where the slope is not less than 300 feet 
to the mile, and probably much less steeply on the west where the slope is between 
100 and 200 feet to the mile and flattens to 84 feet to the mile and less in a short distance 
where there may be stratified deposits built by former streams from the ice and by fiord 
currents. As the glacier is known not to have halted very long at this 1899 position 
we regard it as possible that the submerged moraine is built upon a slight irregularity of 
the fiord bottom, due to differential glacial erosion; but we do not know enough of the 
relative resistance to glacial erosion by the rocks making the fiord bottom to determine 
this, and it is considered possible rather than probable. 

A second shoal which may be wholly or in part a submarine moraine is at the junction 
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of Disenchantment Bay and Russell Piord, near Osier Island (Pig. 20) where the water 
is only 216 to 330 feet deep in contrast with depths of 500 to 800 feet near by in Russell 
Piord and probable depths of 900 to 1000 feet in Disenchantment Bay. This may be 
regarded as a moraine rather than a place where the fiord was originally shallow (1) 
because of the suggestive slope of the mountain wall behind Osier Island, which should 
presumably descend as steeply below sea level as it does above, judging by other cross- 
sections of the fiord, and (2) because Hubbard and Variegated Glaciers are directly 
behind the shallow region and are still building up a deposit near by. This is being built 
up by direct discharge of the debris carried to the ice front of Hubbard Glacier, and by 
sediment from the streams beneath and at the margin of Hubbard, and from the Varie- 
gated and Orange Glacier streams whose great volume, muddiness, and visible deltas 
show how much detritus is being carried into the fiord. Beyond the ice front and the 
shore the fioating icebergs are also adding to the submarine deposits. The fiord is very 
shallow, certainly, sis might be natural at the bifurcation of this valley where erosion is 
not concentrated. Unfortunately we do not know the depths in the uncharted waters 
of the west side of Hubbard Glacier and in front of the Haenke and Turner Glaciers. 
The moraine, if such it be, is somewhat abnormal in plan because built at the junction 
of two fiords and its surface shows nothing of the steep ice-contact feature of the 
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supposed moraine near Nunatak Glacier, because the ice front has not yet retreated 
from it. The water is deepest in mid-fiord, as might be expected, but within a hundred 
yards of Variegated Glacier the water is 105 feet deep and increases rapidly westward. 
We do not regard it as demonstrated that this is a moraine rather than an originally 
shallow part of the fiord. 

A third shoal, which pretty surely represents a moraine under water, lies about 
miles north of the head of RusseU Piord and is of especial interest because we had previ- 
ously postulated a halt of the ice front of the expanded Russell Fiord Glacier at about 
this point, in connection with (a) overridden glacial gravels (b) the beaches of a marginal 
lake in the lower end of Russell Fiord.^ Both Russell and Gilbert recognized the evi- 
dence of this former lake?, and Gilbert detected the signs of overriding in the gravels.® 
There should be a moraine at the junction of the southward limit of overridden gravels 
and the northward limit of the abandoned beach which were first shown upon a map in 
1905; and just here the submerged moraine was found in 1910. The water is 828 feet 
deep atthis point and 1119 and 1044 feet on either side, so that the height of the submerged 

1 Tarr, R. S. and Martin, Lawrence, Bull. Amer. Geog. Soc., Vol. XXX ym, 1906, pp. 163-4 and map facing 
p. 145; Tarr, R. S., Professional Paper 64, TJ. S. GeoL Survey, 1909, pp. 182-184, PI. XXXVII and Fig. 9. 

■Russell, I. C., IStli Ann . Rept., U. S. Geol. Survey, 1892, pp. 88^9; Amer. Joum. Sci., 2nd Series, Vol. 
XUH, 1892, p. 173. 

> Gilbert, G. K., Hamman Alaska Expedition, Vol. HI, 1904, pp. 48, 51. 
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moraine above fiord bottom is at least 281 feet on one side and 216 on the other. The 
inferred conditions in southern Russell Fiord before, during, and since the building of 
this submerged moraine are shown in the three maps of PL XCII. If this is wholly a 
moraine the ice must have halted here a long time, for accumulation under water must 
be very slow indeed. 

In outer Yakutat Bay the great shoal at the entrance is surely morainic, and there may 
be a second moraine below 
sea level northwest of 
Knight Island (Fig. 21) as 
Gilbert has shown.^ It is 
of interest to compare this 
outermost moraine of the 
M a 1 a s p i n a -Disenchant- 
ment Bay Glacier with the 
outermost moraine of the 
Russell Fiord Glacier. 

The former (Fig. 21) is two 
or three miles wide, rising 
300 to 400 feet above the 
bottom of the inner bay, 
and sloping steeply sea- 
ward on the Pacific side, 
where there is no marked 
convexity. This contrasts 
with the Russell Fiord ter- 
minal moraine whose iimer 
face is revealed by the 
soundings in 1910 (PL 
XCH). The RusseU Fiord 
moraine is nearly twice as 
wide, rising to approxi- 
mately 200 feet above sea 
level, or 275 to 980 feet 
above the bottom of the 
expanded end of RusseU 
Fiord. It is markedly 

convex seaward and is bordered by a gently-sloping outwash plain. Because the glacier 
was not cut back by the ocean waves and melted back by the salt water it had the 
form of a bulb glacier. 

Other topographic features suggestive of either moraines below sea level or ridges 
between rock rimmed basins of the fiord bottom (PL XCI) are (1) near Shelter Cove 
in southern RusseU Fiord; (2) between Seal Bay and Cape Enchantment; and (3) im- 
mediately east of the lip of the hanging valley of Nunatak Fiord. In each case the 
topographic form of the fiord bottom indicates either a morainic shoal or an irregularity 
in glacial sculpture. The first of these shoals rises 75 to 100 feet above the general fiord 

> Gilbert, G. Harriman Alaska Expedition, Vol. m, 1904, pp. 49-50. 
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bottom and is in a narrow place in the fiord, though the mountain walls are the normal 
distance apart. Here the lower part of the glacier should erode most effectively instead 
of leaving a shoal. On the other hand, there are no abandoned beaches extending up to 
this place as in the case of the submerged moraine three miles south of it and we are 
not inclined to think that the irregularity represents a halt of the ice. 

In the second case the upgrade of 210 feet in the southward sloping fiord bottom south 
of Cape Enchantment inay be due to imperfect glacial sculpture of a massive conglomer- 
ate ^ which outcrops just here on the fiord walls. The third irregularity, at the mouth 
of Nunatak Fiord, rising 200 feet above the fiord bottom to the east, is also possibly 
explained either by glacial sculpture or as a submerged moraine, between which it is 
impossible to discriminate with the facts available. 

The soundings made in 1910 also estabhsh the fact that, deep as the water is, it is prac- 
tically impossible that any of the glacier fronts of Disenchantment Bay and Russell 
Fiord are floating now and they do not seem to have been afloat at any stage of their 
expansion, judging by the depths of water. This means that there was always active 
glacial grinding on the fiord bottom and the problem arises as to where this eroded mate- 
rial is now. In Russell Fiord the volume, merely from the part of the fiord below sea level 
would be many cubic miles, and the soundings show that more material was eroded 
above sea level than below. Some of this material makes up the great moraine south of 
Russell Fiord, some is in the submerged moraines, and a great deal has gone out to sea. 
Some, however, doubtless remains in the fiord bottoms, making it impossible to tell how 
near a given sounding goes to the rock bottom of the fiord. The measures of glacial 
erosion are, therefore, all minima. 

In Disenchantment Bay and Russell Fiord we have no determinations of bottom mate- 
rial, but in outer Yokutat Bay the Coast Survey chart® supplies some data, though not 
enough for a thorough study. It is evident that the sedimentary material would be 
chiefly clay in depths of water such as this, and the offshore slopes are such that sand 
should not normally be carried very far offshore. In Disenchantment Bay a section 
sounded in 1910 off the delta of Calahonda valley was as follows: 


Distance from shore Depth 

1-8 mile 12 feet 

3-16 “ Ill “ 

1-4 “ 294 “ 

1-2 “ 672 ‘‘ 


The initial slope of the submerged delta end is at the rate of 1000 to 1200 feet to the mile, 
about the same as the rock surface upon which it lies. 

A similar section off the delta of the Hidden Glacier stream in Russell Fiord shows a 
first slope at the rate of over 1500 feet to the mile, which soon flattens out. 


Distance from Shore Depth 

About 100 yards 6 feet 

1-8 mile 195 “ 

1-4 “ 180 “ 


» Tarr, R. S. and Butler, B. S., Professional Paper 64, U. S. Greol. Survey. 1909, PI. XXx Vik 
a Chart 8455, U. S. Coast and Geodetic Survey, 1901 and 1010. 
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Distance from Shore Depth 

S-8 mile 222 feet 

1-2 “ 216 

5-8 ‘‘ S21 

S-4 “ S90 


Because of the steep-sided character of the fiords in these sections, the deltas slope so 
steeply into deep water that sand should not be found very far offshore. 

In outer Yakutat Bay, where we have both soundings and bottom determinations, 
the Coast Survey chart shows sand in depths of 27 to 30 feet off the borders of the big 
alluvial fans of Malaspina Glacier. The designations “rocky” and “small stones” are 
used in certain places near the mouth of the bay, from which we infer there are submerged 
moraines. Clay is the material over nearly the whole of the bottom of outer Yakutat 
Bay, the chart showing blue mud and black mud in a great many soundings in depths of 
from 120 to 680 feet. There is far more sand near the west than near the east shore, 
where there are now no great streams adding to the submerged glacial deposits. 

Three things stand out in connection with the submarine deposits in Yakutat Bay and 
they are all related to the glacial character of these sediments. (1) These muds and clays, 
when consolidated, will make shales of considerable area and great thickness, and there 
will be far more shale than sandstone; (2) the shales will be largely unoxidized, because 
so large a proportion of the material was ground by the glacier from unweathered rocks; 
(3) they wUl be distinguished from normal shales and may be identified as marine, glacial 
deposits by the angular, striated pebbles and bowlders scattered through them by float- 
ing icebergs. Enormous deposits of this sort are accumulating in Yakutat Bay and its 
branches. Disenchantment Bay and Russell and Nunatak Fiords, especially near the 
ice fronts of the Turner, Hubbard, and Nunatak Glaciers and also where the streams from 
Variegated, Hidden, Butler, Fourth, and smaller glaciers, and Black, Galiano, Atrevida, 
Lucia, and Malaspina Glaciers are pouring out sediments for submarine glacial deposits. 
These far exceed in extent the till and bowlder ridges, which rise here and there above the 
fiord bottom. 

CoNTHIBUTIONS TO InTBBPRBTATION OP GlACLAL PhBNOMBNA 

The Yakutat Bay region has given us a number of facts of observation which have a 
direct bearing upon the interpretation of glacial phenomena in regions of former glacia- 
tion. It is a region of great existing glaciers, a region from which stiU greater glaciers 
have only recently retreated, and a region of cool temperate climate, which has given 
rise to phenomena more clearly resembling those of the wasting glaciers of the Glacial 
Period than are observed in the margins of the larger glaciers of the colder frigid zones. 
To the student of glacial phenomena most of the applications to interpretation of glacial 
features in other regions will be apparent from a reading of the preceding chapters; but 
the matter seems of sufficient interest to warrant its specific consideration in a few brief 
paragraphs. 

The Piedmont Condition, Where glaciers descended from mountain valleys upon 
bordering plains or plateaus, or into broader valleys, they expanded during the Glacial 
Period, as they do now in Alaska. Piedmont bulbs and piedmont glaciers spread out 
at the base of the mountains in Switzerland, Germany, Austria, and Italy; they devel- 
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oped in western North America, and doubtless in all mountain areas where the conditions 
resemble those of Alaska. Any student of the phenomena to which these ancient ex- 
panded glaciers gave rise receives aid from the results of the study of the living Alaskan 
representatives of the type. 

Deposits of Piedmont Glaciers. The extensive crescentic moraines of the Alpine pied- 
mont glaciers, the extensive development of associated outwash gravel deposits, and the 
depressions within the crescentic moraines, often occupied by lakes, are so Uke the Alas- 
kan conditions as to make it certain that their interpretation will be aided by a knowl- 
edge of the Alaskan phenomena. This fact was vividly brought to the attention of the 
senior author in the eastern Alps when, in company with Professor Hans Crammer, he 
looked out over the site of the great piedmont bulb of the ancient Salzburg Glacier; and 
later when crossing the moraines of similar bulbs near Munich. In the one case we have 
the process in operation before our eyes; in the other the finished product; but as Penck 
and Brlickner, Crammer, and others have observed, the nature of the phenomenon is 
so clear in the finished product that one cannot misinterpret it. In the details, however, 
light must be thrown on the interpretation of these records of ancient piedmont bulbs 
from the facts of observations obtained from a study of the living instances. 

Glacial Erosion. From Russell’s ^ and Gilbert’s ^ studies, and later from our own® 
the Alaskan field has yielded facts of importance on the subject of glacial erosion, appli- 
cable to other regions of glaciation. Vast erosion has been performed, and many forms 
resulting from glacial sculpturing have been observed. This important subject is not 
specifically treated in this book, however, except incidentally in the description of cer- 
tain Yakutat Bay glaciers and at some length for glacial erosion below sea level as re- 
vealed by new soundings in Yakutat Bay in 1910, discussed in an earlier part of this 
chapter, and in Part III, dealing with Prince William Sound and Copper River. 

The features of glacial erosion are so clearly and intensively developed in Yakutat 
Bay and other Alaskan fiords that applications, comparisons, contrasts, and interpreta- 
tions in other regions are made easier by reason of the perfection and recency of develop- 
ment of the forms of glacial erosion in the Alaskan region. 

Ineffectiveness of Weak Glaciers, In the Yakutat Bay region we have had three stages 
of glaciers (1) the present, dwindling glaciers, (2) former, greatly expanded ice streams, 
(3) an intermediate stage of rather weak expansion. The three stages clearly show differ- 
ences in extent of glacial erosion. Profound work was performed by the greatly expanded 
glaciers, deepening valleys one or two thousand feet by rock excavation; the less powerful, 
briefer period of advance failed to remove even the unconsolidated gravels that the 
glaciers overrode. This aids in understanding the ineffectiveness of small dwindling 
glaciers of the present day. As Andrews has clearly shown we must distinguish between 
the ice flood and the present day glaciers, as we must between the stream flood and the 
low water stage of erosion. The phenomena of glacial erosion in Yakutat Bay throw 
light on these differences. In the minor erosion of the gravels, by overriding, we have 

iRusseD, I. C., Nat. Geog. Mag., Vol. Ill, 1891, pp. 100, 191; Amer. Joum. Sci., 8rd Series, Vol. 48, 
1892, p. 173; ISth Ann. Kept., U. S. GeoL Survey, Part 11, 1892, pp. 86, 90. 

* Gilbert, G. K., Harrimaii Alaska Expedition, Vol. IQ, 1904, pp. 67, 118, 170. 

■ Tarr, R. S. and Martin, Lawrence, Bull. Amer. Geog. Soc., Vol. XXx VTn, 1906, pp. 168-160; Tarr, R. S., 
Popular Science Monthly, Vol. 70, 1907, pp. 99-119; Scottish Geog. Mag., Vol. 24, 1908, pp. 676i687; 
Professional Paper 64, IT. S. Geol. Survey, 1909, pp. 107-119. 



GLACIATION OF THE YAKLTAT BAY BEGION 


2^7 

evidence of the nature of the phenomena that result from such overriding, applicable 
to other regions. 

Vegetation in Glacial De'posits, The observed growth of vegetation at the margin of 
glaciers, and even on them, and its incorporation in marginal deposits during an advance, 
point a clear warning against too free use of this class of evidence in the interpretation 
of the complexity of ancient glaciation. The phenomena of Yakutat Bay glaciation 
prove conclusively that soil beds, peat beds, and forest trees do not of themselves contrib- 
ute evidence of interglacial conditions. They may represent no more than a half cen- 
tury or century of stagnation followed by moderate advance. This does not disprove 
interglacial conditions, nor argue against complexity of the Glacial Period, but it does dis- 
credit some of the evidence upon which some of the inferred complexity is based. More 
than incorporated vegetation is necessary for proof of such complexity. 

Origin of Eskera. Pew eskers were observed in the Yakutat Bay region, and these 
were short ones on overridden gravels in Russell Fiord. The absence of eskers is believed 
to be due in the main to their burial beneath the fringing alluvial fans whose apexes are 
at the ice tunnel from which the esker-building stream emerges, and which follow up the 
ice as it recedes. Esker-building conditions apparently exist in the piedmont bulbs, for 
the streams maintain their courses for a long time. 

Our observations prove three important points with respect to eskers (PI. LXXXIX, 
A). (1) As already stated, that subsequent alluvial fan deposit may bury previously 

made eskers. (2) That, even under such favorable conditions as exist in the broad, 
stagnant, moraine-covered glaciers of this region, eskers are not formed on the glacier 
surface, for there are no long streams. (3) That moving glaciers are unfavorable to 
esker formation. The advance of Marvine and Variegated Glaciers completely de- 
stroyed pre-existing subglacial drainage; and the point of emergence of glacial streams 
from suA a normally-moving glacier as the Nunatak is frequently changed. From the 
evidence of the Yakutat Bay region we believe that the eskers are subglacial deposits 
mainly, if not entirely, associated with stagnant ice conditions. 

Outwash Gravels. The extensive sheets of gravel and the rapidity of their deposit in 
such valleys as that of Hidden Glacier, the absence of growth of vegetation on the out- 
wash gravel plains, and the perfect rounding of the pebbles, are phenomena which throw 
light on the extent and depth of similar deposits in regions of former glaciation. From 
a study of such an outwash gravel plain as that which existed in the Hidden Glacier valley 
in 1899, 1905, and 1906, or that of the Kwik River valley, we can observe the processes 
of accumulation which undoubtedly existed in thousands of streams issuing from the 
ancient continental glaciers. 

Pitted Plains. Where these gravels rest on buried ice, as in the Hidden and Fourth 
Glacier valleys, the phenomenon of kettle formation and the production of pitted plains 
is observed in progress of development, and an explanation of thousands of similar cases 
is found. 

Karnes. Where gravels resting on ice settle very irregularly, we see in progress one 
of the important causes for the formation of kames; and this process is again and again 
illustrated in the Yakutat Bay region. 

Buried Ice Blocks. Perhaps the most important contribution to an interpretation of 
glacial phenomena in regions of former glaciation yielded by the Yakutat Bay region is 
the clear evidence of the great importance of stagnant bxuded ice in shaping the topog- 
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y raphy of glacial deposits. Not merely are kettle and kame areas caused, but extensive 
depressions also result. The melting of Galiano Glacier, if further deposit should cease, 
would give rise to a depression of two or three square miles. Such buried blocks may last 
long, and receive a heavy burden of deposit, and their ultimate melting would give rise 
to an irregular topography, varying according to conditions, and depressions for lakes 
or ponds, with irregular bottoms and margins. In regions of former glaciation a multi- 
tude of kettles and pond and Ipke depressions exist whose interpretation is made clear 
by the assumption of the former presence of buried ice blocks. In our own work in such 
formerly-glaciated regions we have hitherto often hesitated to assume this hypothetical 
cause in the absence of direct proof; but with the evidence of the frequency and effective- 
ness of the buried ice blocks in the Alaskan region there is little reason for such hesitation. 
We are convinced that on the margin of waning ice sheets in a region of irregular topog- 
raphy, such as prevailed over extensive areas in Europe and America in the closing stages 
of the Glacial Period, the conditions favoring the burial of detached or partially detached 
ice blocks, and of stagnant glacier termini, were common, and that the results of their 
subsequent melting are of great importance in determination of topographic detail. 

SUMMABT OF THB GLACIAIi HiSTORY OF THE YaKUTAT BaT ReGION 

The mountain history of the Alaskan coast region has been long and complex, with 
several periods of mountain growth and intervals of erosion, and with periods of volcanic 
activity. The details of this history are not yet worked out, and we have no knowledge 
as to the climatic conditions. During the Tertiary, and perhaps in the Pliocene division 
of the Tertiary, coal beds were accumulated, and associated with them are found plants 
of a warmer or wetter climate. Prom the topography of the foothills near the coast 
we infer that there was a long period of subaerial erosion, during which the mountains 
were greatly reduced and a system of broad valleys developed. This period of erosion, 
at least in its later portion, was presumably free from extensive glaciation. The moim- 
tains are still rising, as the frequent earthquakes testify, and in 1899 there was further 
notable uplift, in one section of the coast amounting to forty-seven feet. It is probable 
that the mountains owe their present great height mainly to geologicaUy-recent uplift 
and that the extensive glaciation of the region is due to the rising of the mountains in 
recent times. Whether the extension of glaciation accompanied the uplift as Russell 
inferred, or whether it was preceded by a period of stream erosion in lofty mountains 
not yet glaciated is not clear; but we are inclined to the latter view because of the exten- 
sive series of branching vaUeys, presumably formed originally by rivers and now occupied 
by glaciers. All this early history is obscure and at present can be the subject only of 
hypothesis. 

Without being able to assign a period to the beginning of glaciation, we know that the 
mountains ultimately became clothed in snowfields and the valleys filled with glaciers, 
and that the condition has lasted a very long time. Whether the glaciers came solely 
as a result of the rising of the mountains, or whether they were dependent upon a cli- 
matic change, giving heavy snowfall to a region already lofty, cannot be positively stated. 
Nor do we know the history of the initial spread of the glaciers, of what episodes of advance 
and recession, if any, accompanied it. Ultimately, however, the expansion of the gla- 
ciers extended so far as to push the glacier termini beyond the mountain front, filling the 
entire inlet with a great glacier flood, and pushing the glacier fronts out to the mouth of 
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Yakutat Bay. That this great expansion of the glaciers was due to some climatic 
change rather than solely to mountain uplift is indicated by the three following 
facts (1) the earlier genial climate, {2) the recent and present day recession (both 1 and 2 
indicating that the climate of this region has changed), and (3) the widespread extension 
of glaciers on the northwestern coast from Washington to the Aleutian Islands. While 
we cannot assert contemporaneity for the advance of glaciation throughout this region, 
the evidence points strongly toward the conclusion that the expanded stage of glaciation 
was contemporaneous throughout the region. It seems hardly probable that mountain 
uplift throughout a distance of some 2000 miles would alone suffice to give rise to such 
extensive glaciation, and since there has subsequently come an amelioration of the cli- 
mate, while at a still earlier age there was an even milder climate than now, it is a rea- 
sonable inference to draw that the great expansion of glaciers was in response to actual 
climatic change. 

It cannot be proved that the extensive Alaskan glaciation was contemporaneous with 
that of the Glacial Period in Europe and northeastern America, though it probably was 
is its inception. If this is so, then climatic change is without doubt the cause, for what- 
ever the reason for the change, the spread of continental glaciers down into the temperate 
latitudes was a response to climatic change. Although we believe that the inception of 
the AJaskan glacier advance was contemporaneous with the spread of the continental 
glaciers in Europe and America, we are convinced that its termination was later than the 
period of recession of the continental glaciers. In a sense the Glacial Period is still in 
progress here, its influence being extended and prolonged by the lofty mountains, which 
have, in fact, partly or mainly reared themselves during the period of glaciation. Judg- 
ing by the forest growth and by the extent of stream erosion since the recession of the 
ice from its most advanced position, we infer that the ice in its expanded stage lingered 
here until a few centuries ago. 

One of our principal reasons for believing that the spread of glaciation in the Alaskan 
region dates back to the Glacial Period is that it has performed such vast work. Not 
only was a broad plain of glacial deposit built out into the Pacific beyond the moimtain 
front, and an extensive submarine moraine built across the mouth of Yakutat Bay, 
but the topography was greatly altered by profound glacial erosion. This work must 
have required a long time. We cannot apply to this argument definite measurements 
from rate of ice erosion, but even the most extreme believer in the eflficacy of ice ero- 
sion must agree that to lower a valley bottom from one to two thousand feet demands 
a great lapse of time. The main valleys have been greatly deepened;. the lateral valleys 
have been deepened also, thou^ to less extent; divides have been lowered and through 
valleys have been opened; the mountains have been sharpened; and, in fact, the topog- 
raphy has been completely altered in many of its most significant features by the 
glacial erosion resulting from the long flow of great ice streams. Thousands of years 
must be required for such vast work, and probably tens of thousands of years. It is 
by no means improbable that the beginning of extensive glaciation here dates back to 
the commencement of the Glacial Period, and that there was a long period of complex 
conditions of advance and recession with glacial and interglacial epochs. Of this, how- 
ever, there is no proof. The period of glaciation was certainly many times longer than 
the period that hds elapsed since the recession from the outermost stand. 

When the glaciers were most advanced they literally flooded the mountain valleys. 
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and ice streams flowed across divides now discharging glaciers in two directions. Where 
fiord water now stands great glaciers 2000 or 3000 feet deep flowed through the fiord 
valleys (PL XCII, A ) ; and where even the great glaciers, like the Hubbard, now termi- 
nate, the ice rose 1000 to 2000 feet higher than at present. Even such great ice streams 
as the Hubbard, Turner and Nunatak Glaciers are mere dwindling glaciers compared to 
their predecessors on the same sites. It was a region of mighty glaciers, flowing irresist- 
ibly along mountain valley courses, eating away the valley walls and scouring the valley 
bottoms; and this condition extended along the Alaskan coast from British Columbia 
to the Alaska Peninsula. 

After its long, but unknown period of advance, the glacier system began a period of 
recession whose detailed history is also unknown. There may have been minor advances 
and recessions, or it may have been one continuous period of recession. By it the glacier 
fronts were caused to recede even farther than at present, and the forest extended farther 
up the fiord than now, and even into the region where glaciers now stand. Prom this 
we infer that both the length of time of recession and the extent of recession were greater 
than the present period of recession. But by this it is not meant to intimate that the 
period of recession was a really long one, for little gorge erorion has been accomplished 
by the streams issuing from hanging valleys that were produced by the ice erosion of the 
preceding great advance. A couple of centuries, or perhaps twice that amount, would 
suflSce to explain the phenomena observed, and much more than that would be too great 
a tnn<‘ for the small work of stream erosion accomplished. Whether a similar period of 
recession was in progress in other portions of Alaska, or whether it was confined to the 
Yakutat Bay region and vicinity cannot now be stated. 

During this period of recession, and perhaps mainly during the advance of the glaciers 
which terminated it, there was extensive deposition of gravels in Yakutat Bay, and espe- 
cially in Russell Piord. Then came a notable advance, pushing the glacier fronts once 
more far into Russell Piord (PL XCII, B) and Disenchantment Bay, but not nearly 
out to the point reached by the earlier great advance. It was of brief duration, and the 
work performed was not notable. The valley walls were freshly scoured, and probably 
there was effective glacial erosion in parts of the fiord bottoms; but the ice erosion did 
not suffice to remove the gravels deposited between the two advances, though it greatly 
sculptured them. This advance was a local phenomenon, not occurring in Prince 
William Sound to the northwest, nor in the Inside Passage, though a similar, and probably 
contemporaneous advance is recorded in the Muir Glacier region and north of the St. 
Elias Range. The advance in the Yakutat Bay region reached its maximum in a very 
recent period, for the vegetation growing on a lake beach formed by the advanced glacier 
at the head of Russell Piord is not over a half century old. 

PoUowing this notable, though brief advance came the recession which was still in 
progress at the time of our studies in 1905 and 1906. The recession was so rapid that 
vegetation had not been able to follow it closely, the overridden gravels near the glaciers 
having only scattered plants, while even the outermost portions of the overridden gravels 
bore only a young growth of cottonwood and alders. It is certain that the glaciers began 
recession from their outermost stand not over a century ago and perhaps not much 
more than half a century ago. The greatest recession has occurred in the tidal glaciers, 
notably the Nunatak, and in the Hidden Glacier. The least recession has occurred in 
the piedmont glaciers and piedmont bulbs. In fact, it is possible that the piedmont con- 
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ditlon is a direct result of the recent advance, lingering here because of the protection 
given by the sheets of ablation moraine by which the piedmont bulbs are covered. 

The last episode in the glacial history of the region is the advance of the glaciers in 
response to the earthquake shaking in 1899, first observed in 1905, though affecting at 
least two of the glaciers before that time, causing the advance of four glaciers in 1906, one 
between 1906 and 1909, one in 1909 and one in 1910, and possibly slight advances of 
two others in previous years. Whether the advance has reached its maximum, or whether 
there are other and still greater changes in store, only the future can tell. 



CHAPTER XII 


THE GLACBEES AND GLACIATION OP PRINCE WILLIAM 
SOUND AND THE LOWER COPPER RIVER 

Location and General View 

The region of Prince William Sound and the lower Copper River is a little more than 
SOO miles west of Yakutat Bay and chiefly on the southern slope of the Chugach Moun- 
tains, an extension of the St. Elias Range. This part of the Chugach Mountains is 
from 50 to 75 miles wide and between six and eight thousand feet high, with a few lof- 
tier peaks, the highest of which, Florence Peak and Mt. Gilbert, reach elevations of 
11,190 and 10,194 feet respectively. There is the same west northwest — east southeast 
trend as near Yakutat Bay and Mt. St. Elias, but, at the northwestern comer of Prince 
William Sound, the Chugach Mountains swing westward and come to an end. Thence 
the Eenai Mountains trend southward, forming the western side of Prince William 
Sound. 

The Chugach Mountains are crossed by the canyon of Copper River, the greatest 
glacial stream in Alaska and one of the few rivers that completely cross the coast range. 
At its mouth it has built a great delta over 25 miles wide, a broad tract of low-lying 
coast, but west of the Copper River delta the mountains come down directly to the sea, 
and just here Prince WilliEim Sound penetrates the coast. 

Prince William Sound (PI. XCIII) extends about 80 miles east and west and about 50 
miles north and south, and has numerous long bays and fiords extending even more 
deeply into the mountains. It is 80 or 90 miles from the head of ocean steamship navi- 
gation at the end of the Port Valdez fiord out to the coast where Hinchinbrook and 
Montague Islands guard the mouth of Prince William Sound from the open Pacific. It 
has a very irregular coast with long peninsulas reaching forward, between which bays 
and fiords extend back into the mountains. On the eastern side are Orca Inlet, Orca 
Bay, Port Gravina, Port Pidalgo, and Valdez Arm— Port Valdez. These are fiords 
from 12 to SO miles long with mountamous peninsulas between. Hawkins and Hinchin- 
brook Islands correspond to these peninsulas but have been cut off by submergence 
or ice erosion. Besides these there are numerous small islands. 

On the northern side of Prince William Sound are Columbia Bay, Long Bay, Wells 
Bay, Unakwik Inlet, Passage Canal, Port Wells and several smaller fiords. College 
Fiord and Hariiman Fiord are tributaries of Port Wells. All these fiords are separated 
by long peninsulas and by islands, of whiph Glacier and Esther Islands are the largest. 

On the western side of Prince William Soimd south of Passage Canal are Port Nellie 
Juan and Icy Bay, separated by peninsulas and guarded by Enight, Latouche, Naked, 
and several other large islands and many smaller ones. 

The lower Copper River is entirely in the mountains except for the broad delta at 
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its mouth. The topography of Prince William Soimd is wholly mountainous. The 
greatest elevations are in the interior of the Chugach and Kenai Ranges and the penin- 
sulas which project into the sound slope gradually to moderate heights and then end 
abruptly. There is an exceedingly small percentage of lowland. All of the islands are 
hilly, and the larger ones, like Knight and Latouche Islands, are mountainous. 

The topography, geology, geography, and glaciation of Prince William Sound and 
the lower Copper River have been described by Schrader,^ Mendenhall,^ Schrader and 
Spencer,® Gilbert,^ Emerson and Palache,® Gannett,® Burroughs,’ Muir,® Keeler,^ 
Fernow,^® Davidson, Grant and Higgins, and others whose work is referred to in 
Chapters XTII to XXIII. 

The geology of the Prince William Soimd and lower Copper River regions may be 
summarized as follows. In Prince William Sound Grant states that there are two 
groups of rocks. The Valdez group is older, perhaps Paleozoic, and consists of slates 
and graywackes. These are intensely folded in places and are somewhat metamorphosed. 
They contain granitic intrusions. The unconfonnable Orca group, probably Mesozoic, 
is made up of slates, graywackes, and rarer conglomerates and limestones. Locally 
there is much greenstone, made by the alteration of basic lava flows which were inter- 
stratifled with the slates and graywackes. These are cut by bosses and dikes of granite 
and by basic dikes. Northern and western Prince William Sound, including all of the 
fiords except Ports Pidalgo and Gravina and Orca Inlet, are underlain by the rocks 
of the Valdez group while the islands and eastern shore of the sound, from EUamar 
southward, are made up of the Orca group. It seems possible that the excavation of 
this great arm of the sea is related to its being floored by the rdatively less resistant 
rocks of the Orca group. 

In the lower Copper River, Hayes, Schrader and Spencer,^® Moffit and Maddren^® 
have described the geology. There are three rock groups, (1) the Mesozoic Orca group 

I Schrader, F. C., A Reconnaissance of a Part of Prince William Sound and the Copper River District^ 
Alaska, in 1898, ZOth Ann. Rept., U. S. GeoL Survey, Part VII, 1900, pp. 847-423. 

> Mendenhall, W. C., A Reconnaissance from Resurrection Bay to the Tonana River, Alaska, in 1808, 20th 
Ann, Rept., TJ. S. Geol. Survey, Part VII, 1900, pp. 271-840. 
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• Gilbert, G. K., Harriman Alaska Expedition, Vol. m, Gladers, 1904, pp, 71-97, 173-176. 

• Emerson, B. K. and Palache, Charles, Harriman Alaska Expedition, Vol. U, Geology, 1904, pp. 24-26, 
5(W51. 
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south of Childs Glacier,^ (2) the Paleozoic Valdez group throughout the Copper River 
canyon to a point between Tiekel River and Spirit Mountain, and (3) a belt of meta- 
morphic slate, schist, and limestone, with intrusive diorite and greenstone, the limestone 
being in part of Carboniferous age,^ The highest peaks and the deepest, narrowest 
portion of Copper River canyon are at the north in this third belt of most resistant 
rocks, and the broadest portion is at the south in the belt of weakest and youngest rocks. 

Outside of Prince William Sound the Gulf of Alaska is relatively shallow, the hundred 
fathom curve being forty to seventy miles offshore. Off the Copper River delta it is 
easy to understand why one must go about 20 miles from shore before a depth of 350 
to 400 feet is reached; but off Hinchinbrook Island, where there is no such active depo^ 
sitioh, it is also necessary to go 5 to 10 miles before a depth of 300 to 350 feet is reached. 
Between the mouth of Prince William Sound and Middleton Island, which is 56 miles 
offshore, the depth of the Pacific Ocean averages only 200 to 450 feet. 

In the straits at the entrance to Prince William Sound, that is between Hinchinbrook 
and Montague Islands, the water is 600 to 1300 feet deep and inside Prince William 
Sound the water averages 600 to 2400 feet in the main sound and 400 to 1400 feet in 
the tributary fiords, a striking contrast with the shallower ocean outside and one that 
will be explained later by the conditions of glaciation. One fiord, Orca Inlet, which 
opens to the Pacific, is only 6 to 60 feet deep and is quite unnavigable at the mouth; 
making it necessary for ocean steamships bound for the town of Cordova to go over 
fifty miles out of the way to reach the head of Orca Inlet by way of the main Prince 
William Sound and Orca Bay. 

There are a few small native settlements on Prince William Sound and mining settle- 
ments on Latouche and Knight Islands and an old Russian trading post, Nuchek, on 
Hinchinbrook Island. At the head of Port Valdez, near Shoup and Valdez Glaciers, 
are an army post, Port Liscum, and the town of Valdez, from which a military road ex- 
tends into the interior of Alaska. Between the mouths of Valdez Arm and Port Fidalgo 
are EUamar and several other mining settlements. There is a salmon cannery at Orca 
and nearby on Orca Inlet is the town of Cordova. The Copper River and Northwestern 
Railway extends eastward from Cordova, crosses a mountainous peninsula through the 
valley of Eyak Lake, and emerges on the Copper River delta, which coalesces with the 
deltas of the streams from Scott, Sheridan, and smaller glaciers in the mountains. The 
railway crosses Copper River just east of the old native settlement of Alaganik and goes 
up the eastern side of Copper River to Childs Glacier, which enters from the west nearly 
opposite Miles Glacier, which comes from*the east. The railway crosses the river be- 
tween these two glaciers and thence, after passing the Abercrombie Rapids, extendi 
over the stagnant terminus of AJlen Glacier, which enters Copper River valley from 
the west. Beyond this the railway follows the western side df the Copper River canyon, 
at the northern end of which is the town of Chitina. 

Climaie and Glaciation, Such precipitation records as we have in the Prince William 
Sound region show an annual rainfall of 190 inches at Nuchek at the western end of 
Hinchinbrook Island; at Orca of 149 inches; and at Port Liscum an average of 76 
inches. The precipitation is heaviest in fall and winter and, therefore, much of it is 
snow. In this latitude, 60° 30' to 61° N., the warm waters of the Gulf of Alaska amelio- 

1 Brooks, A. H., Bull. 480, U. S. Ged. Survey, 1911, PI. IH and pp. 48-49, 

t Moffit, F. H., Bull. 520, U. S. Geol. Survey, 1912, PI. V and p. 94. 
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rate the elimate, but they also supply moisture to the winds which blow upon the Chu- 
gach Mountains, giving rise to extensive precipitation there also, though of unknown 
amount, with a large proportion in the form of snow. The snow line is at about 3000 
feet. There are, therefore, great snowfields covering all the upland areas where the 
slopes are not too steep. These snowfields feed glaciers which extend down the valleys 
to or near sea level. Most of the pasSes are filled with ice, but the glaciers are now far 
less extensive than formerly, as will be shown later, and indeed much less extensive than 
farther east where the snowfields of the loftier, eastern portion of the Chugach Moun- 
tains feed the piedmont Bering Glacier, and the snowfields of the still loftier St. Elias 
Range support the Malaspina Glacier and the glaciers of the Yakutat Bay region. 
The glaciers of the region to be discussed include various tyi)es from the smallest ice 
patches to great valley glaciers like the Miles and Columbia. Some of these are tidal, 
some end in the rivers, and some far up the mountain valleys. 

Topography also controls the glacier forms in the Copper River valley where there 
are many excellent illustrations of the bulb type of glacier. Of these the Miles, Childs, 
Allen, Heney, and Sheridan are large and will receive more attention than the many 
other good-sized ice tongues. 

In contrast with Yakutat Bay, which has only three glaciers discharging icebergs, 
there are 21 tidal glaciers in Prince William Sound. Their distribution is determined 
wholly by the topography and climate, for the largest glacier, the Columbia, is near 
the base of Florence Peak where the highest portion of the Chugach Mountains is close 
to sea level. Of the other tidal glaciers the largest number in a single arm of the sea 
is found in College Fiord where the Harvard, Yale, Smith, Bryn Mawr, Vassar, and 
Wellesley Glaciers reach tidewater. There are nearly as many in the loftier portion of 
the mountains near Mts. Gilbert, Gannett, and Muir, where the Barry, Harriman, 
Cataract, Surprise, and Serpentine Glaciers enter Harriman Fiord. Unakwik Inlet and 
Port Valdez in northern Prince William Sound have only one tidal glacier each, the 
Meares and Shoup, because the mountains are lower and the snowfall less. South of 
Port Valdez the eastern portion of Prince William Sound has no tidal glacier because 
the mountains are lower. South of Harriman Fiord the western portion of the sound 
has tidal glaciers only in a branch of Passage Canal, where the Blackstone and Ripon 
Glaciers extend into the water, in Port Nellie Juan, where the Ultramarine and Nellie 
Juan Glaciers reach the sea, and in Icy Bay, where the Chenega, Tiger’s Tail, and Tiger 
Glaciers disdbarge icebergs. This is because the Kenai Mountains are lower toward the 
south. 

Extent of Glacier Studies. The glacier observations in this region have resulted from 
various enterprises. The Russians who, like the Alaskan natives, attempted to ascend 
Copper River found the glaciers only a barrier, and, therefore, were not interested in 
them and have given us only a little information concerning the condition of these 
glaciers in early times. This, thou^ natural, is unfortunate, but one cannot help re- 
gretting the absence of glacier observations in the time of the partial ascents of Copper 
River by Nagaief in 1783 and by other Russian explorers and traders in the Copper 
River and Prince William Sound regions. An account by Grewingk is the most valu- 
able of the Russian descriptions of the Copper River glaciers. Some useful facts con- 
cerning Prince William Sound are supplied by Petroff. In this early period the charting 
'of shorelines by explorers like Portlock in 1787, PidaJgo in 1790, and Vancouver, Whid- 
'hey and Johnstone in 1794, resulted in more definite information about the glaciers. 
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but only of the tidewater ice tongues. The same is true of the explorations of Apple- 
gate in 1887. Davidson has summarized many of these early explorations. 

The explorations by United States army officers have supplied a little more information 
about the glaciers, because these parties were engaged in making maps. Therefore the 
expeditions by Abercrombie in 1884, by Allen in 1885, by Schwatka accompanied by 
the geologist Hayes in 1891, by Glenn, assisted by Castner, in 1898, by Abercrombie 
in 1898 and 1899 have furnished maps, locations, photographs, etc., of the Miles, Childs, 
Valdez, Yale, Portage, and other glaciers. 

The utilization of the Valdez Glacier as a highway by thousands of prospectors in 
1898, 1899, and 1900 added little to our knowledge of this glacier, although many men 
must have taken photographs and made observations which are not now available. 

Then and in the years since, geologists like Hayes, Schrader, Rohn, Mendenhall,, 
Spencer, Moffit, and others were visiting these regions, accompanied by army officers 
like Lowe and Babcock and the topographers Mahlo, Witherspoon, Gerdine, and others; 
and the maps, photographs, and observations by these men haye been of great service 
in our glacier studies. 

In 1899 the Harriman Expedition came to the Prince William Sound region to study 
the glaciers specifically and Gilbert’s three days study and mapping of Columbia Glacier 
are of the utmost importance. He also made observations in College Fiord and Harri- 
man Fiord, where Gannett made excellent maps and Merriam and others took glacier 
photographs of great value. 

Two observers living within this area have studied the glaciers out of interest in 
their behavior, and Camicia of Valdez deserves great praise for his measurements of 
the retreat of Valdez Glacier between 1898 and 1911, as does Johnson of the Copper 
River railway for his studies of Childs and Miles Glaciers in 1908 and succeeding 
years. 

The same is true of the studies of the Prince William Sound glaciers during parts 
of the summers of 1905, 1908, 1909, and 1910 by Grant, in connection with his tJ. S. 
Geological Survey work. During part of the time he was assisted by Higgins, some of 
whose glacier maps are reproduced in this volume. Grant and Higgins have written an 
account of the glaciers and glaciation of Prince William Sound. This had not been 
published at the time of completing this manuscript, although after doing our own 
field work in 1904, 1909, 1910, and 1911 we have seen the magazine articles containing 
abstracts of portions of their work. Grant generously allowed us to use his manuscript 
maps and unpublished photographs in the field, rendering our own field work much 
more effective. 

The account here presented is based upon the earlier work, especially that published 
by Gilbert and the Harriman Expedition, by Grant and Higgins, and by Davidson, 
in addition to our own field work. This field work included (1) brief observations of 
Valdez Glacier by the junior author in June and September, 1004, (2) a few days' study 
by both authors of this book in August, 1909, (3) a little over two months detailed study 
and mapping by the junior author between June and September, 1910, and (4) a few 
days’ observations in June, 1911. 

Fifty-three of the glaciers of Prince William Sound will be discussed first, after which 
attention wiQ be given to seventeen of the glaciers of the lower Copper River and to 
the phenomena of general glaciation in connection with these seventy larger ice tongues 
and certain smaller ones. 


CHAPTER Xni 


THE VALDEZ AND SHOUP GLACIEIIS 
Location and Genebal Relationships 

Locoiion. The glaciers discussed in this chapter are situated in northeastern Prince 
William Sound, upon the long narrow fiord called Port Valdez (PL XCIII), already 
alluded to as the northernmost of the fiords on the east side of Prince William Sound, 
where it penetrates most deeply into the Chugach Mountains. 

The Port Valdez Fiord, The Port Valdez fiord extends northward from the north- 
east comer of Prince William Sound, between Glacier Island and Bligh Island just north- 
west of Ellamar, where it has a width of ten miles and a depth of 600 to ISOO feet. This 
lower portion of the fiord has Galena, Jack, and Sawmill Bays as tributaries, and nar- 
rows rapidly toward the northeast, until it attains a width of less than seven-eighths 
of a mile at Valdez (or Stanton) Narrows, where the depth is less than 600 feet and 
where a reef (Middle Rock) rises to the surface with surrounding depths of 180 to 300 feet. 
Here the fiord turns abruptly eastward, receiving Shoup Bay on the north side, widen- 
ing to between three and four miles, and increasing in depth to 600 and in places over 
800 feet. The southwest portion, outside the Narrows, is twenty miles long, the eastern 
part eleven or twelve miles. The shores have many minor capes, coves and small inlets 
and are mostly rocky. 

At the eastern or extreme upper end Port Valdez shallows and there is a fringe of 
broad tide flats where Lowe River comes in from the east and Robe River and a number 
of other glacial streams from Corbin and Valdez Glaciers on the northeast. The nar- 
rower, unsubmerged valley of Lowe River extends the fiord valley eastward for twelve 
miles to the mouth of Keystone Canyon, beyond which the river heads against the 
Copper River headwaters on Thompson and Marshall passes. Other streams entering 
Port Valdez, beside those from the Valdez and Shoup Glacier vaUeys, are Mineral 
Creek, Fall or Gold Creek, and Canyon Creek, on the north, and Solomon Gulch and 
other unnamed creeks on the south. Several of these streams are in hanging valleys 
(h. Kg. 26). 

The mountains enclosing the fiord rise four or five thousand feet within a mile or two 
of the shore, and five or six thousand feet a short distance further back. These moun- 
tains encircling Port Valdez maintain permanent snowfields which feed minor ice tongues. 
Of these there are three east of Solomon Gulch, Annin Glacier and three others between 
Valdez Narrows and Shoup Glacier, one in Fall or Gold Creek, the Corbin and Hog- 
back Glaciers east of Valdez, and the Valdez and Shoup Glaciers which are to be more 
fully described. 

The town of Valdez is at the extreme eastern or upper end of the fiord near the north 
side; and opposite it on the south shore, near the site of the former settlement called 
Swanport, is Fort Liscum, a United States army post. 

2ST 
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The Valdez Glacieh ’ 

General Description. The Valdez Glacier (Pis. XCIV, A, and XCV) is a through 
glacier whose northern terminus is called Klutena Glacier. It has been described hy 
Schrader as follows.^ ‘‘Starting from Valdez, the trail leads 4 miles northeast, with a 
very gentle rise over the delta gravels, to the foot of the Valdez glacier, thence about 
north for 18 miles up the glacier to the summit, which is 4800 feet high. The glacier 
is broken or transversely marked by four or five successive long benches or terraces,, 
from one to the other of which the rise of 100 feet or more is usually sharp and some- 
times difficult, the topography of the ice being rugged, with crevasses, ridges, and 
turrets. With the exception of these benches the ascent from the foot of the glacier to^ 
near the summit is gradual; but just before reaching the top there is a steep rise of a 
thousand feet at an angle of 15° to 20°. The pass is guarded by a couple of prominent, 
peaks, one on either side and standing about a nule apart. From the summit the trail 
descends rapidly, but nowhere abruptly, for a distance of 6 miles through a canyon- 
like valley to the foot of the Klutena glacier, which is the source of the Klutena 
river.” 

Valdez Glacier trends a little west of north to the divide. Bates Pass, beyond which 
the other end of the through glacier bends eastward again. It averages two miles in 
width, while Klutena Glacier is from one to two miles wide. Omitting two barely de- 
tached tributary glaciers, Valdez Glacier receives two tributaries from the east and 
one from the west, while Klutena Glacier receives two eastern and one western tributary 
near Bates Pass. The latter, which has a width of about two miles, heads at least ten 
miles farther to the west on a 5000-foot pass, perhaps as a through glacier with the 
Shoup or Columbia ice tongues, and flows eastward and bifurcates near Summit Peaks, 
sending a smaller glacial distributary northeastward to IQutena Glacier and a larger 
one southeastward to Valdez Glacier. 

The Bates Pass ice tongue is another through glacier east of this one (PI. XCV), the 
divide being covered by a snowfield. The Klutena terminus is 2020 feet above sea level 
and from it a stream flows to Copper River. The Valdez terminus is 210 feet above 
sea level, the difference in elevation of the termini being mainly a response to the differ- 
ence in snowfall on the seaward and landward sides of the mountain range. The moun- 
tain walls of the Valdez-KIutena through glacier rise from four to over seven thousand 
feet, being much oversteepened by former glacial erosion. The glacier surface is made 
up of a series of ice falls and gentler slopes so that the prospectors spoke of it as divided 
into “benches.” There are no pronounced medial moraines, but the lateral moraines 
are broad, and near the terminus several faint medial moraines are disclosed by ablation. 

The width of Valdez Glacier at the terminus is a mile and a quarter, or a mile and 
three-quarters around the slightly curved periphery of the front. The ice front rises 
300 feet in the first quarter of a mile, and reaches an elevation of 1000 feet seven-eighths 
of a mile from the end, 1500 feet a mile and a half back, and 2750 feet at a distance of 
eleven and a half miles from the terminus, 

A mile and a half from the end of the glacier, on the eastern side, is the valley of 
a detadhed tributary into which Valdez Glacier bulges slightly. The small glacier in 
this valley (which we have named Camicia Glacier) is three-eighths of a mile wide and 

1 Schrader, P. C., Report on Prince William Sound and the G)pper River Region, in Maps and Descrip- 
tions of Routes of Exploration in Alaska in 1898 , Special Publication, U. S. Geol. Survey, 1899 , p. 61 . 
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has one south tributary. Its end is heavily covered with moraine and completely dis- 
connected from Valdez Glacier. 

Between the terminus of Valdez Glacier and Port Valdez are three and a half miles of 
outwash gravel plain with many occupied and abandoned stream courses, a few knobs 
of dissected outwash gravels and recessional moraines, and, near Valdez, a atrip of forest. 

Ohservaiiona Prior to 1898, Vancouver’s lieutenant, Whidbey, entered Puerto de 
Valdes on June 10, 1794, making the first map of it and showing its head about half 
way between Valdez Narrows and the present terminus. He sailed northeast for twelve 
ndles, or to what we now call Valdez Narrows, where he states ^ that a ‘‘small brook, 
supplied by the dissolving of the ice and snow on the mountains, flowed into the arm, 
which about five miles from thence terminated in an easterly direction.” The latitude 
given and the shape of the fiord are essentially correct except that it does not extend 
eastward as far as now; but no glaciers are mentioned. Whidbey speaks of the region 
being in the same latitude as what we now call Columbia Glacier where they had ob- 
served great falls of ice, and of their surprise in Port Valdez that “in this branch no ice 
has been seen, notwithstanding it is terminated by shallow water at its head, and is 
surroimded by similar steep frozen mountains.” Davidson has looked into Whidbey ’s 
description and believes * that if the shore on Whidbey’s map “really was the limit of 
the bay, and the water was found shallow, then the whole eastern half of the Port, 
with its one hundred and fifty fathoms depth, was occupied by a low moraine-covered 
glacier that hid the ice front.” 

We are not conviuced of the correctness of this interpretation, partly because no thun- 
dering ice falls or fioating icebergs are mentioned, as would be necessary with the existing 
depth of the fiord, partly because the original account does not prove that Whidbey 
went far enough through the Narrows to see the whole length of Valdez Arm and the 
Shoup and Valdez Glaciers, but chiefly because eastern Prince William Sound does not 
seem to have had such a recent episode of ice advance as is shown in Yakutat and Gla- 
cier Bays. An ei^t or nine-mile retreat for Valdez Glacier between 1794 and 1898 is 
not impossible, but, if Davidson’s interpretation is correct, the vegetation has followed 
the ice front much more closely here than in similar cases we have observed in Alaska, 
for in 1909 spruce was growing at Valdez and cottonwood and alder extended right up to 
the glacier. Moreover, if Valdez Glacier was so extensive in 1794, even if moraine-covered 
and not discharging icebergs, and not recognized as a glacier, Shoup Glacier should 
have been similarly expanded and must have been visible to Whidbey from the Narrows, 
should have discharged icebergs, and should have spread over slopes that are now too 
well tree-covered to have been reforested in the years between 1794 and 1898, Another 
objection to this theory of recent great expansion of Valdez Glacier is the presence of 
the very extensive outwash gravel plain which extends from the Valdez Glacier front 
three and a half miles to the head of the fiord. A long period of time has been required 
to build this gravel plain, even assuming former shallow water where it stands; and, 
moreover, mature cottonwood trees have had time to grow upon it since it was built 
above sea level. 

1 Vancouver, Capt. George, A Voyage of Discoveiy to the North Pacific Ocean and Around the World, 
Vol. V, London, 1801, pp. S17-8. 

> Davidson, George, The Glaciers of Alaska that are Shown on Russian Charts or Mentioned in Older 
Narratives, Trans, and Proc. Geog. Soc., Pacific, Vol. m, 1904, pp. 36-6. 
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We are inclined to think, therefore, that although Valdez Glacier is now receding 
from a fairly recent, more advanced position, the evidence is not conclusive that the 
advance was so recent as suggested by Davidson’s interpretation of Whidbey’s ob- 
servations in 1794. 

There is a rumor that the Russians went into the Copper River valley from the head 
of Port Valdez, but it is not known when, nor whether they went over the Valdez Glacier, 
nor what conditions they encountered. 

Petroff stated ^ in a report written in 1882, that “in Port Valdez, at the northern 
extremity of the sound, a glacier exists with a face 15 miles in length at the sea shore, 
while its downward track can be traced almost to the summit of the Alps. Huge ice- 
bergs drop off its face with a thundering noise almost continually and drift out to sea, 
and the whole extensive bay is covered with small fragments, making it inaccessible to 
even boat navigation, and consequently a safe retreat for seals, which sport here in 
thousands. Port Eidalgo in the east and Port Wells in the west also have tremendous 
glaciers.” 

The presence of a glacier fifteen miles in length at the sea shore” is manifestly im- 
possible in Port Valdez fiord which could not have held such a glacier, even if Valdez 
and Shoup Glaciers had then coalesced; nor could such a large glacier have existed 
anywhere in Prince William Sound, for the expansion and union of Valdez, Shoup, 
and Columbia Glaciers would result in a united ice front of only ten miles. Vegetation 
and human records prove that no such expansion could have occurred between 1794 and 
sometime between 1868 and 1882, the dates between which any possible Russian ob- 
servation to which Petroff might have had access must have been made. The dimen- 
sions are evidently an error, possibly of printing or of translation, foi? Petroff knew the 
Russian records as well as any man. 

He specifically mentions the Port Wells glaciers to the west, which are still tidal, 
and glaciers in Port Fidalgo on the eastern side of Prince William Sound, where no 
glaciers are now known, but does not mention the great Columbia Glacier, the largest 
ice tongue of the whole region. We think it probable that the Columbia Glacier reached 
tidewater in the period mentioned, as it does now, and are, therefore, inclined to believe 
that the Columbia Glacier is referred to in the sentences quoted from Petroff. 

In September, 1884, Lieut. W. R. Abercrombie of the U. S. Army entered Port Valdez 
and ascended one of the glaciers to a point where he could see a lake beyond.* It is not 
evident whether this was the Corbin Glacier or some other ice tongue that was then 
more extensive than now. It can hardly have been the Valdez Glacier and Elutena 
Lake,^ for the direction is wrong and the distance too great. The ice pass sought was 
one formerly (1850-60) used by the Copper River natives on their way to Prince Wil- 
liam Sound. It may have been one leading to Woodworth Glacier in the Tasnuna 
Valley, though the distance is rather great and there is now no lake. It was not Mar- 
shall Pass, which has no glacier. Allen’s map made in 1885, perhaps from Abercrombie’s 
data, shows this route with the glacier and lake,* but not on a large enough scale for 

1 Petroff , Ivan, Population, Industries and Resources of Alaska, Tenth Census of the United States, 1880 
Vol. Vm, 1884, p. 27. 

■ Abererombie, W. R., Supplementary Expedition into the Copper River Valley, Alaska, In Narratives 
of Explorations in Alaska, Washington, 1900, pp. 891-2; Amer. OeoL, Vol. XXIV, 1899, pp. 849-854. 

* Allen, H. T., ^ Expedition to the Copper, Tanana, and Koyukuk Rivers, Senate Ex. Doc. 125, 49th 
Congress, 2nd Session, Washington, 1887, Map 2. 
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B, Detaii£ of Surface op Hidden Glacier in 1909 




Plate LXXXII 



B. The Front op Hidden Glacier Delta in 1910 

Picture taken at low tide. Betwe^ 1899 and 1910 the front of this delta was built forward 1000 feet, so that 
the place where the Harriman Expedition ship was able to anchor at low tide in 1899 was dry land at all stages 
of tide in 1910. Both pictures from same site. 






Nobthekn Mabgin of Hidben^ Glacier in 1909 




Marginal Steieau: on Nobth Side of Hidden Glacxeb in 1909 




Hidden Glacieb in 1899, in 1905 and 1906, and in 1909 (Topography after Gannett) 






Plate LXXXVI 



A. Northern Margin of Hidden Glacier in 1909 
Vegetation cover on left. Barren area in middle and ice on right. 
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B. Fourth Glacier in 1900 
Photograph by Canadian Boundary Survey. 
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Smooth surface, d6bris-covered end, barren gravels, and degladated mountain slopes. Kettles in gravel area. 




End of Fotjrth Giacieb m 1909 
Photographed from 470-foot hill (Fig. 16). 


Plate LXXXIX 



A. Esker on Overridden Gravels South of Cape Enchantment 
On west side of aoutJi arm of Russell Fiord. Note general absence of vegetation. Photograph 

taken July 23, 1906. 



B. McCarty Glacier in 1906 






Plate XC 



Jam m Yakutat Bat in June, 1910 
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Plate XCI 



SoTJNDINGB AND SUBMERGED CoNTOUES IN RuSSELL FlORD AND DISENCHANTMENT BaT 









A, Valdez Glacesh from the East Side 

Photograph by A. C. Spencer, 1900. 



B. The Clear Ice Surface op the Medial Portion op Valdez Glacier 

View looking up the glacier. Photograph taken August 18, 1009. 
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The Valdez Glacier Highway (aiter Schrader, Mahlo, and Lowe) 

An ice-filled pass across the Chugach Mountains, crossed by thousands of prospectors. 
Shoup Glacier, used as an ice-house by the soldiers at Fort liscum, near Swanport. 


The 





Icebergs on Site op MarginaIj Lake 

Between. Camida Glacier (in background) and Valdez Glacier (in foreground), August 18, 1909. 


PlATE XCVII 
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identification of the glacier mentioned by Abercrombie. We are, therefore, unable to 
state specifically what the glacial conditions in Port Valdez were even as late as 1884. 

Valdez Glacier between 1898 and 1911, In 1898 Valdez Glacier became a highway of 
travel into the interior of Alaska,^ and from that date to the present we have definite 
knowledge about the general condition of the glacier. It is not known who was the 
first of the prospectors who made his way across the ice-fiUed pass of Valdez Glacier, 
on his way to the Klondike gold fields by the All-American route or to the Copper River 
valley, nor when the first traverse was made. Doubtless this first journey was made 
before 1898, for during February, March and April of that year three thousand people 
landed at Valdez, and one or two thousand more came during the summer. Some 
prospectors had reached the summit of Valdez Glacier by April 15th, and before May 
8rd 2000 men had crossed the pass and gone down the Klutena Glacier, while 1500 more 
were on their way.’* Mr. Charles Simonstad of Valdez who crossed the glacier in 1898 
states that 5000 men landed that year, that 4500 crossed the glacier pass, and that 
all but two or three hundred of them returned that fall by the same route. 

In April and May, 1898, some of the army detachments crossed the glacier pass 
several times. These men and the many prospectors encountered great hardships, 
being unprepared for glacier travel; but the generally inactive condition of the glacier 
may be inferred from the fact that three or four thousand men were able to travel over 
it as a highway during 1898, to transport thousands of pounds of provisions and outfit, 
and even to take pack animals over the twenty-four miles of ice, twenty- three horses 
and mules being used by a single one of the army parties, and fourteen by another. 
The geologist Schrader and several of the army officers have described the glacier with 
its ice falls, benches, and crevasses, the descriptions and photographs by Schrader and 
the map by Mahlo showing conclusively that the surface and the position of the ter- 
minus have fiuctuated only slightly between 1898 and 1909. The 1898 map shows the 
glacier terminus projecting farthest near the eastern side of the valley and two streams 
flowing to the fiord, one on the western side through Valdez, the other by way of Robe 
Lake. This map is reproduced as PI. XCV. A large photograph of the front of the 
glacier taken by J. H. Steiner on July 14, 1898, shows the western margin ending close 
to a distinctive talus cone on the mountain side, and exactly at, or within a few score 
feet, of the position of the same margin in 1909. 

The second Copper River Exploring Expedition of the U. S. Army, in 1899, also 
under charge of Captain Abercrombie, gave little attention to the Valdez Glacier and 
very few prospectors crossed the glacier pass that year, although many had come back 
that way during the previous faU and winter. It was crossed by at least one army 
party,® however, J. P. Rice going over the glacier and back again; and the’ front was 
mapped by Lieut. W. C. Babcock, who also took many photographs of the ice front, 

1 Martin, Lawrence, Mastering the Alaskan Glacier Barriers, Scientific American Supplement, Vol. LXXl, 
1911, pp. 305-307; Alaskan Glaciers in Relation to life, Bull. Amer. Geog. Soc., Vol. 45, 1913, pp. 801-818. 

* Abercrombie, W. R., Reports of Explorations in the Territory of Alaska, 1898, War Dept., Adj.-Gen. 
Office, No. XXV, Washington, 1899, pp. 299-300, 304r-309, 348-344, 353-864, 889-391, 394-401, 403-407, 
421-423, 433-435, 451-452, 454-455; also rqmblished in Narratives of E:q)lorations in Alaska, Washington, 1900. 

Schrader, F. C., A Reconnaissance of a Part of Prince William Sound and the Copper River District, 
Alaska, in 1898, 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1900, pp. 360-363, 366-366, 381-382. 

* Rice, John F., In W. R. Abercrombie's Copper River Exploring Expedition, Alaska, 1899, Washington, 
1900, pp. 56-67. 
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published in the report referred to above, several of which may be used for deter mining 
the slight changes in the glacier terminus between 1899 and 1909. His map shows that 
the end changed from a southwest-facing terminus projecting most on the eastern side 
in 1898 to a south-facing terminus projecting most in the middle in 1899. The glacial 
streams changed slightly also. 

Schrader and Spencer, in 1900, went into the Copper River valley by way of Valdez, 
and their topographers, Gerdine and Witherspoon, represented the Valdez Glacier upon 
a map, although their route lay over a new military trail which did not traverse the 
Valdez Glacier. They state that most of the prospectors who went into the interior 



Fig. 22. Skhtoh Map op VAnDBZ GLAcnm in 1009. 

The contours are in error, owing to an accident to the instrument used. 

over the snow early in 1900 followed the glacier route, but that it was not utilized during 
the summer.*- Their map and a photograph by Spencer show the ice front much as in 
1899, though the streams on the outwash plain were slightly different. 

In 1901 begins the aeries of valuable observations of Valdez Glacier by the late 
L. S. Camicia, an optician and watch-maker at Valdez, who took pains to go to the 
glacier nearly every year since then, and who made careful measurements of the 
retreatmg ice front. He visited the glacier in 1898 and 1899 but made no measure- 
ments. In 1901 he selected stations and built monuments upon morainic knolls in 
front of the glacier, and, by pacing and measuring with a twenty-foot rope, determined 

I Schrader, F. C. and Spencer, A. C., The Geology and Mineral Resources of a Portion of the Copper River 
District, Alaska, House Doc. 546, 56th Congress, 2nd Session, Washington, 1001, p. lO and Plate 11; 
republished in PL I, Bull. 874, U. S. Geol. Survey, 1009, and Chitina Quadrangle, Map 601, U. S. Geol. Survey. 
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the distance from the stations to the ice front. These observations were repeated in 
the years listed below, showing that the glacier retreated 586 feet between June 6, 
1901, and June 18, 1911, or an average of about 58^ feet per year. It is unfortunate 
that Dr. Camicia made no observations in 1906 or 1907 when the otherwise steady re- 
treat was interrupted, as will be shown later. He states that the glacier has retreated 
more on the east than on the west side. The measurements given below are about in 
the middle of the ice front. 


Table Showing Retreat op Valdez Glacier Dtjrinq Ten Years 


l)cde of Observation 

Amount of Betreat 

Total Retreai 

June 6, 1901, to June 18, 1902 

89 feet 

89 

feet 

June 18, 1902, to June 7, 1904 

166 “ 

204 

C( 

June 7, 1904, to June 16, 1905 

97 “ 

801 

« 

June 16, 1906, to Oct. 13, 1908 

205 “ 

506 

<( 

Oct. IS, 1908, to June 21, 1909 

44 “ 

660 

(C 

June 21, 1909, to June 18, 1911 

86 “ 

686 

a 


In June and September, 1904, the junior author spent several days at Valdez and 
made brief observations of the glacier. The following description is based upon notes 
made at the time. The front had no terminal cliff but ended in a low sloping edge, 
almost as in 1909. The lateral moraines were much as they are now, and in a wedge 
near the center the ice was mantled with angular fragments for a half mile from the 
front, but was less crevassed than in 1909. The area of crevassing near tihe turn in 
the glacier on the west side was much as during the whole period of observations. 
There was a good-sized lakelet in front of the glacier, west of the middle, a very large 
stream flowing from the eastern margin of the glacier, and a smaller stream from the 
western margin. The latter was very much larger than the stream occupying the same 
position in 1909. 

Valdez Glacier has been twice visited by Professor TJ. S. Grant. He made observa- 
tions and took photographs in 1905 which enabled him to detect an advance between 
that year and 1908, which he describes ^ as follows: 

“The western part of the front of this (Valdez) glacier was visited about August 
1, 1905, and again on July 11, 1908. Some time during this interval the glacier has 
advanced 250 to 350 feet and built a moraine and then retreated nearly to its former 
position. On the extreme western edge the ice in 1908 was about 100 feet in advance 
of its position in 1905.” 

Since Dr. Camicia did not visit the Valdez glacier in 1906 or 1907, we cannot be sure 
in which of these years the advance took place. It must have been slight and brief, 
as it escaped observation by the people of Valdez, only three and a half miles away, 
A photograph taken in June, 1907, proves that the advance was not going on at that 
time, and it seems probable that it occurred in 1906. 

1 In H: F, Reid’s Variations of Glaciers, Joum. GeoU Vol. XVII, 1909, p. 070, 

Grant, U. S. and Higgins, D. F., Glaciers of the Northern Part of Prince William Sound, Bull. Amer. 
Geog. Soc., Vol. XLn, 1910, pp. 722^26. 
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Observations by the Nationai Geographic Society. The National (Jeographic Society’s 
expedition spent August 17-19, 1909, in studying and photographing Valdez Glacier.* 
We made slight additional observations in 1910 and 1911. In 1909 Mr. Lewis made ^e 
topographic sketch map reproduced as Fig. 22 and established the bench m a rks from which 
transit readings on the ice front were made. These bench marks, for Valdez Glacier, 
are located as follows. 

Transit Readings. Transit readings from Stations A and B, Valdez Glacier, August 
19, 1909. 

Station A (Fig. 23) is located on the hillside on the west side of the alluvial outwash 
plain, one-half mile south of the glacier front. It is a stake driven two feet in the 
ground, just above a bare brownish cliff about 200 feet above the plain. 


Readings 


Point Sighted 

Ver. A 

Ver. B 

Angle from 
A-B 

1. Station B 

0“ 00' 

o 

o 

o 

o 

GO 
1— 1 


2. Extreme southern point of glacier 

849° 38' 

169° 38' 

10° 22' 

3. Ice front about middle of glacier 

346° 61' 

166° 61' 

13“ 09' 

4. West margin of glacier where ice 




disappears from view around 




hill. Point is about one mile 




north of ice front 

801° 18' 

121° 18' 

O 

00 


Station B is located on the point of a spur east of the outwash gravel plain and about 
1200 feet east of the present ^charging stream of the glacier. A creek from the high 
tiilTa to the east, running west, bears north of the station about 600 feet, and a prospec- 
tor’s cabin bears north about 1500 feet. The station is marked by a stake driven in a 
crack in a bowlder 4 by 6 feet on top. 

Readings 


Point Sighted 

Ver. A 

Ver. B 

Angle from 
A-B 

1. Station A 

180° 00' 

00° 00' 


2, Icefront about middle of glacier 

196° 60' 

15“ 60' 

o 

to 

o 

to 

I-l 

(Same as No. 3, Station A) 




3. Point on ice front half way between 




middle and west edge 

197° 04' 

17° 04' 

17° 04' 


Camioia Olaeier. The first tributary valley on the east aide of Valdez Glacier is occu- 


iNat. Geog. Mag., Vol. XX. 1910, pp. 7, 9, 11, and 22. 
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pied by the Camicia Glacier ^ which is detached from the main ice tongue, as already 
stated. Between this former tributary and the Valdez Glacier is a triangular depression 
into which the Valdez Glacier bulges slightly (Fig. 22) and this depression, one or two 
hundred feet deep, sometimes contains a marginal lake, like the Merjelen See on the bor- 
der of the Aletsch Glacier in Switzerland. At the time of our visit in August, 1909, 
there was no lake present, but the numerous stranded icebergs attested its recent pres- 
ence, the fact that these icebergs had not melted and that some of them rested upon last 
winter’s snowbanks showing that the lake had existed in the spring of 1909. The lake 



Fig. 28 . TRiANaiiiiA.TioN on Front or Vaxdiiz Glacieib in 1909 . 
For location of stations A and B see Fig. 22, 


occupied a triangular area of nearly half a square mile and probably received part of its 
water from a stream issuing from Camicia Glacier and part from the marginal drainage 
of Valdez Glacier itself. The lake possibly forms every spring or winter, when glacial 
advance and freezing closes crevasses and sub-glacial channels, and drains again early 
in the summer through a submarginal channel. That the dr ai n in g of the lake of 1909 
had been completed in August is shown by the icebergs (PI. XCVI) in the picture re- 
produced here. 

This detached tributary, which is three-eighths of a mile wide and has one south 

1 Named for the late L. S. Camicia of Valdez, whose valuable observations on Valdez Glacier have already 
been mentioned. 
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tributary cascading out of a lofty hanging valley, ends in a moraine-covered nose, beneath 
which a stream emerges from an ice cave. About two miles from the edge of Valdez 
Glacier the clear ice begins, and thence eastward to the summit the surface is bare 
of moraine. There are no medial moraines but there are broad lateral moraines, 
that on the south side being widest, partly because of the supply from the cascading 
tributary. 

Sui^ace of Valdez Glacier, The surface of Valdez Glacier is generally clear and free 
from moraine except along the margins and near the terminus. It is moderately cre- 
vassed (PI, XCIV, B), but melting has rounded the seracs and reduced their height so 
that the crevasses are rather broad, and none of them deep. One can make fairly easy 
and rapid progress over the glacier surface by winding back and forth between 
crevasses. The surface is made up of coaraely-crystaUine ice so melted along the crystal 
faces for the upper six inches that it is granular and crumbles as one walks over it. 
Pieces one or two inches square can be picked out and through each numerous holes 
and cracks extend. 

The lateral moraines are a mere veneer of slabby, angular d6bris upon the surface. In 
the east lateral moraine, where the ice is somewhat crevassed, the veneer is so thin that 
sheer cliffs stand out as a result of melting, and the crevasses are only partly filled. 
Upon the lateral moraines and the d6bris-laden terminus are numerous lines of flat stones 
whose linear arrangement, suggests that they r^resent the bottom of former crevasses. 
Some of the lines of these crevasse deposits now stand in relief. There are also numerous 
cones near the terminus of the glacier that appear to be piles of dirt but are really cones 
of ice (PI. XCVn, A), very thinly veneered with fine black slate fragments, which have 
protected the ice and kept it from melting. Some of these are six or eight feet high, 
and some are low and in form resemble ant hills. Many of these smaller cones are also 
in lines and suggest moulin deposits along the bottom of crevasses. There are oc- 
casional glacier tables where flat rocks stand upon a column of ice which has been 
protected from melting. The material upon the glacier surface is predominantly slate 
and graywacke of the Valdez series with a few ciystaUine rocks, such as might come from 
the granitic diorite dikes of the area drained by the glacier and its tributaries. 

Front of V^aldez Olader. The terminus of the glacier slopes gently (PL XCVIII, A) 
and is continuously dirty. Near the eastern side two rock knobs, each over a hundred 
feet high, rise at the edge of the glacier, being the only rock hilk exposed away from 
the valley walls. East of these the largest stream emerges and the lateral moraine 
is wide, while to the west a V-shaped area of dfibris-covered ice extends far up the 
glacier. The west lateral moraine is also broad but is interrupted by the area of 
crevassing where the glacier turns sharply at the bend in the valley less than a mile from 
the end. The d4bris-covered portion of the terminus is narrowest in the middle of 
the glacier between the west lateral moraine and the medial moraine. 

The streams emerging from the middle of the glacier front in 1909 were of small size 
and there were no good-sized frontal lakes, though there were several small ones. The 
stream on the west side was much smaller than that on the east. The drainage evidently 
shifts back and forth across the ice front, as is shown by the abandoned stream channels 
and terraces and the absence of vegetation upon the outwash gravels in front of the gla- 
cier. The largest stream has, however, remained on the east side of the glacier since 1898; 
there has sometimes been a stream in the center and sometimes not; and the stream on 
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the west side has fluctuated notably in volume. Part of this variation is doubtless due 
to fluctuation according to the season of the year. 

Recession of the Glacier. Photographs taken in 1909 from sites occupied by Grant in 
1905 and 1908 show that the retreat of the glacier is continuing, as is also shown by Dr. 
Camicia’s measurements. Recent retreat is also attested by the presence of detached 
ice masses, partly covered with ablation moraine or with outwash gravels, some distance 
out from the ice front on the west side, and at several points near the center. 

There is no continuous recessional moraine in front of the Valdez Glacier, the 468-foot 
ridge projecting from the east side of the valley, three quarters of a mile south of the 
glacier (Kg. 22) being a rock spur. West of the center of the glacier there is, however, 
an elongated morainic hillock 75 to 100 feet high. It is 850 feet from the ice front and 
extends parallel to it, the site of Dr. Camicia’s original monument and of one of our 
camera stations (C, Kg. 22). On either side of it are two or three other hillocks 
forming a crescent. This monument ridge is made up of rounded outwash gravels and 
of angular scratched bowlders including many crystalline rocks, some of them larg^ 
and seems to contain no ice. The knolls to the west are chiefly dissected, outwash 
gravel remnants, while some of those to the east still contain ice. On these knolls are 
scattered shrubs ten years old or so, indicating that the year 1898, when the pros- 
pectors report some of these knolls uncovered, a condition also shown in photographs, 
was soon after the ice had left the monument ridge. Probably it even later abandoned 
some of the hills to the east which stiU contain ice. The rock knobs on the east side of 
the glacier have only annual plants growing upon them and have apparently been uncov^ 
ered later stiU. The mountain slopes on either side of the glacier also have a barren 
strip at their base from which the ice has recently receded. 

Outwash Gravel Plain. From the glacier to the fiord, a distance of three and a half miles, 
extends a broad, perfectly-developed outwash gravel plain, which descends sixty feet or 
so to the mile. It is made up predominantly of rounded outwash gravels deposited by the 
glacial streams, and has a high percentage of slate fragments. There are practically no 
large bowlders. Over the whole surface of the plain there are numerous dry channels 
and low terrace strips between channels. This outwash plain has an area of about ten 
square miles, extending southward to Lowe River. The active aggradation by the large 
stream from the eastern margin of Valdez Glacier, locally known as Glacier River, has 
built up the gravel plain so high that a lake is held in between the outwash gravel 
plain, the mountain side and an east-west ridge on the north side of Lowe River. This 
is Robe Lake, which is over two miles long and has had one of the glacial streams flowing 
into it since before 1898. The outlet, Robe River, receives as tributaries several other 
glacial streams (PI. XCV). 

The outwash gravels are slumping for a half mile from the ice front near the western 
valley wall, and there are kettles partly filled with water, showing that buried ice extends 
at least this distance out from the visible terminus. East of the center other areas of 
slumping show buried ice beneath the gravels, though these do not extend so much as a 
quarter mile from the terminus. The persistent rumor in Alaska that ice underlies the 
whole gravel plain, and even the site of the town of Valdez, and that it has been reached 
by weUs and pulled up by the anchors of ships, is wholly without basis; at least we have 
not been able to find any definite evidence of its truth. 

Near the glacier there is no vegetation upon the outwash gravel plain, except upon the 
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isolated knolls already mentioned and upon one strip of elevated outwash terrace ■whicli 
has been immune from stream encroachment since before 1898, and upon which shrubs 
grew at that time, as photographs show. East of this terrace there is no part of the out- 
wash plain, except the isolated gravel knobs, that has any shrubs whatever. That 
streams flow over every part of this surface sometime during practically every year, is 
indicated by the fact that not even annual plants can secure a permanent foothold. 
One small strip near the center of the plain that had scattered shrubs in 1898 has since 
had them destroyed by the streams. 

The above conditions apply to the mile or so of outwash plain nearest the glacier, where 
there are a very few small areas of scattered shrubs, but the next mile and a half or two 
miles, the width varying in different parts of the plain, has absolutely no vegetation 
except a few annual plants. The mile, or thereabouts, of plain nearest the fiord, on the 
other hand, has a predominance of vegetation cover, chiefly cottonwoods and alder, 
with narrow stream-channel strips extending through the forest. There are trees several 
feet in diameter, indicating a long period of immunity from extensive and continuous 
stream encroachment in this part of the outwash plain. This period of immunity is 
apparently now at an end, for there are lanes of stream channel extending through the 
forest, ia some of which the trees have been removed while in others the dead trees, 
40 to 50 feet high, still stand upright. The northern margin of this forest is made up of 
long points of tree growth, extending up the plain toward the glacier. That this finger- 
like inner margin is a condition due to the destruction of forest rather than to advance 
of trees is suggested by the recent killing of mature cottonwoods which had grown to a 
diameter of two or three feet far up on one of the points. That all the forest has not been 
removed by the streams may be due to lack of time, the streams possibly now being more 
active again after a period when the glacier wa^ farther back than now. Or it may be 
due to the fact that the streams have become entrenched in the gravels at other points 
as far as this down the outwash plain and while they persist there, vegetation thrives 
elsewhere. Sometimes the streams do leave these channels and mow down a section of 
forest, as during the floods in 1905 when trees were uprooted or smothered, and even 
houses washed away in the town of Valdez. The forest advances farthest toward the 
glacier in the eastern side of the outwash plain where the largest stream has flowed ever 
since 1898, and where now many of the stream channels extend down through the forest. 
We are at a loss to account for this peculiar distribution of tree growth on the Valdez 
Glacier outwash gravel plain, though it is possible that the point of outflow of the largest 
glacial stream varies from time to time, the latest point, since 1898, being on the eastern 
side and the stream from it still being engaged in raising the depression of Robe Lake 
to the level of the previously-deposited central part of the plain. 

Former Advance. The recency of retreat of Valdez Glacier from the latest notable 
advance is proved by the distribution of vegetation, the clearness of grooving on the 
valley walls, and the streams cascading down the mountain sides as yet little entrenched 
in gorges. The possibility of retreat of the glacier from this former stand to a point 
even farther than at present is suggested by the vegetation-covered talus slopes on the 
west side of the valley, of which the ones nearest the glacier began to be undercut by 
glacier and streams before 1898, so that part of the vegetation has been removed. 

At the maximum of glaciation the main ice current of Valdez Glacier seems to have been 
forced over to the west waU by the thrust of the Corbin and two other tributaries from 



VALDEZ AND SHOUP GLACIERS 


£49 


the valleys to the east. The west wall is consequently oversteepened by glacial erosion 
up to 1500 feet or more, while on the east side a long rock spur three quarters of a mile 
south of the glacier was not completely removed, nor the minor rock knobs wholly 
erased. Even on the eastern side, however, glacial erosion has oversteepened the valley 
notably, leaving three valleys hanging above the main valley. Corbin Glacier and the 
one north of it end within their hanging valleys, while the northernmost glacier still 
cascades out over the Up of its hanging valley. It is not known what the relation is 
between the Valdez Glacier and Lowe River valley, for their bedrock bottoms are com- 
pletely buried beneath the outwash gravels; but it is suspected that Valdez Glacier was 
the master ice tongue and that Lowe River valley, which at present has no glacier, hangs 
above it. 

The Shoot Glacier 

General Description. The Shoup Glacier,^ at one time caUed Canyon Creek Glacier, 
enters Port Valdez just north of Valdez Narrows, terminating a Uttle over two miles back 
from the main fiord. It has been erroneously represented upon several maps ^ as made 
up of two glaciers which coalesce two miles from the terminus. As a matter of fact there 
is no west tributary, but the Shoup Glacier is of a pecuUar S-shape (TFig. £4). It comes 
from an unknown source in the Chugach Mountains, perhaps heading on a through 
glacier pass with the west arm of Valdez Glacier, in a region characterized by Schrader 
as “ a waste of glaciers and n6v6.** It flows southwest for an unknown distance and 
then bends sharply southeastward around a right-angled elbow (PI. XCVm, B) where, 
1000 feet above sea level, it is a Uttle over a half mile wide. Below this point it expands 
to a mile and a quarter and flows to. the sea, where its terminus is three quarters of a 
nule wide. The moxmtains rise to heights of from 4000 to 6000 feet near the glacier, and 
the valley waUs ascend precipitously from 1000 to 3000 feet. There is an ice cascade at 
the elbow, below which the glacier slopes smoothly nearly to the water’s edge, and there 
descends steeply again. It descends 1000 feet in the lower five-eighths of a naile, 600 feet 
of it in the last quarter mile and £00 to 300 feet in the terminal ice faU. The glacier 
gives an impression of ending on the rock Up of a hanging vaUey, though its terminus is 
probably on the face of a step in the main valley bottom. The western half mile of the 
glacier front ends in the bay, though in very shallow water, while the eastern quarter mile 
has a delta of outwash gravels and clay in front of it. This delta is an eighth of a mile 
wide at high tide and three-eighths of a mile at low tide. Across it flows one branching 
glacial stream from the eastern side of the glacier and a smaller stream from the hang- 
ing valley of Canyon Creek, which terminates in a Up a thousand feet above the fiord. 

Rock ledges show beneath the glacier at one point behind the delta and at two points 
in the tidal front (PI. C, A). Near the western edge the basal layers of exposed ice 
(PL XCIX) ore dirt-laden and simulate rock ledges, though no rock was yet exposed there 
in 1909. This part of the ice front reaches tidewater, but icebergs are no longer dis- 
charged except by tumbling down the precipitous ice front, and the western half of the 
glacier is apparently just about to cease to be tidal. The water is so shaUow that gravel 
talus cones are formed along the western edge of the ice margin. 

1 See Chart 8521 and 8519, IT. S. Coast and Geod. Survey. 

* Maps 20 and 21, Twentieth Ann. Kept,, U. S. Geol. Survey, Part VII, 1900; and map accompanying Kept. 
XXV, War Dept,, Adj.-Gen. OflSce, 1900. 
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Shonp Glacier is severely crevassed on tliis terminal fall but is little crevassed in the 
gentler slope above it (PL XCVTEI, B) as far back as the ice fall at the elbow in the 
glacier. The front of the glacier is conspicuously free from d6bris-laden layers except 
in the basal portion just mentioned. On the surface there are no medial moraines and 
there is no lateral moraine on the eastern side, excepting below the elbow. The west 
side has a broad lateral moraine above the terminal ice fall, but this dirt and stone dis- 
appears in the crevasses so that except in the bottom ice there is practically no moraine 
on either margin at sea level. 

Observations by Schrader and Grant, As already stated, the Shoup Glacier was not 



seen by Whidbey in 1794, and we know of no observations by the Russians who entered 
Port Valdez. P. C. Schrader visited and photographed it in 1898 and Emil Mahlo first 
showed it upon a map, but with the bifurcation already alluded to, Schrader briefly 
described the glacier in a U. S. Geological Survey report.^ One of his photographs of 
the ice front, taken from a rocky knob on the west side of the bay (Photo. Station A), 
shows the exact conditions in 1898 and may be compared with photographs from the 
same site by the Coast Survey in 1901, by Grant in 1905 and 1908, and by the National 
Geographic Society’s party in 1909 and 1910. 

I See discussion of Canyon Creek Glacier valley in A Beconnaissance of a Fart of Prince William Sound and 
the Copper River District, Alaska, in ISOS, Twentieth Ann. R^t.,U. S. Geol. Survey, Fart Vii, 1900, pp. 88S-4. 
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In July, 1905, Shoup Glacier was visited by Grant whose descriptions, photographs, 
and maps ^ indicate that two large rocks were then being exposed by the retreat of the 
glacier that were not visible four years before. Along the sides of the glacier there was 
a broad space of bare ground free from soil and vegetation, and the whole aspect of the 
glacier indicated that it was retreating. On July IS, 1908, Grant and Higgins found 
that the front was in practically the same position as on July 4, 1905, as was also the 
case on June 16, 1909. 

The statement by Grant that the two large rocks not visible in 1901 were being ex- 
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Fiq. 25. Teianguii^tion on Front or Shoup GiAotHS. 
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posed in 1905, is of interest in view of the fact that in 1898, these ledges were abeady 
exposed, as shown by Schrader’s photograph. Nearly five times as much of the larger 
rock showed in 1905 as in 1898. In 1908 the two areas of exposed rock ledges were nearly 
connected, the smaller or westernmost being of about the same size as in 1898 and 1905 
whUe the larger, east, rock ledge was a little longer and higher in 1908 than in 1905. The 
progressive enlargement of the rock ledge areas between 1901 and 1905, and from 1905 
to 1908, seems to indicate slow, though uninterrupted retreat during these years; but 
the fact that no ledges were visible in 1901, while two ledges were visible in 1898 and 
1905 suggests a slight advance of Shoup Glacier between 1898 and 1901. Further evi- 

L In n. F. Reid’s Variations of Glaciers, Jonm. Geol., Vol. XIV, 1006, p. 406; Vol. XVII, 1009, p. 670. 

Grant, U. S. and Higgins D. F., Glaciers of the Northern Part of Prince William Sound, Bull. Amer. Geog. 
Soc., Vol, XLH, 1910, pp. 726^27. 
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deuce of this advance is found in a comparison of the western margin of the glacier in 
the photographs taken from the same site in 1898 and 1905, The latter, by Grant, 
shows the ice edge a short distance farther west than in the 1898 picture by Schrader. 
This advance is also proved by other observations made in 1909, described below. Un- 
fortunately Schrader’s photograph does not extend far enough for us to compare the 
eastern margin of Shoup Glacier in 1898 and 1905. A comparison of Grant’s 1905, 1908 
and 1909 photographs of the two margins shows little, if any, retreat of the two edges. 

Ohservaiions by the National Geographic Society^ s Expeditions. The National Geo- 
graphic Society’s expeditions spent August 19 and 20, 1909, and part of September 6, 
1910, in a study of the Shoup Glacier, examinations being made of the eastern margin, 
the center of the ice front, and the southwest margin for some distance back from the 
glacier front. Photographs were taken from the site occupied by Schrader and Grant 
(Photo. Station A). The changes since Grant’s last observations have been inappre- 
ciable. The topographic map reproduced as Fig. 24 was made in 1909 and bench marks 
were established on Photo. Station A and also on a point on the hillside to the west 
(Station C) from which transit readings were made as shown in Fig. 25. It is hoped 
that future observers may repeat the transit readings from these stations. 

Transit Readings. Transit readings from Stations A and C, Shoup Glacier, August 
20, 1909. Station A is an X on a rock on top of the first prominent spur south of the 
glacier on west side of Shoup Inlet at an elevation of 100 feet. 


READmas 


Point Sighted 

1 

Ver. A 

Fer. B 

Angle from 
A-C 

1. Station C 

00 

o 

o 

o 

o 

o 

o 

o 

o 

o 


2. Most easterly point of ice front. (Same as 
No. 3, Sta. C) 

148“ 51' 

328“ 51' 

31“ 09' 

3. Projecting point of glacier at first bend back 
of glacier front on east side of glacier near 
stream outlet 

157“ 48' 

337“ 48' 

22“ 12' 

4. Southern point of glacier front on west side. 
(Same as No. 2, Sta. C) 

89“ 10' 

269“ 10' 


5 . Most western point of glacier 

83“ 56' 

263“ 56' 

: 96“ 04' 


Station C is an X on a bowlder located on the east side of Shoup Inlet at an elevation 
of 130 feet above' the fiord, and on the first large spur south of the glacier front close up 
to the edge of the thick alder. 

Readings 


Point Sighted 

Ver. A 

Ver.B 

Angle from 
A-C 

1. Station A 

00“ 00' 

180“ 00' 


2. Southern point of glacier on west side 

3. Most easterly point of ice front visible from 

41“ 53' 

221“ 53' 

41“ 53' 

Sta. C 

71“ 52' 

251“ 52' 

71“ 52' 
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Former Expaneion, There is proof of former expansion of Shoup Glacier from striae, 
Toches moutonn6es, etc. ; but so far as we have evidence, the recent history has been one of 
retreat, with the exception of the slight advance mentioned above. Without knowledge 
of this recent forward swing, the fact of the advance was established in 1909 by the dis- 
covery of a recent moraine along the southwestern margin of the glacier. For the first 
half mile back from the shore, there was a minute morainic ridge winding up and down 
the hillside. It was from five to twenty feet from the glacier margin and was made 
up of angular fragments left by the receding glacier. There was wood in the debris and 
the stones at the edge lay upon dead shrubs whose neighbors were still growing. In 
flomje places there was a depression between the moraine and the glacier. Evidently a 
slight advance had interrupted the recession and the width of the barren zone indi- 
cated the amount of retreat since this recent advance. 

During the more expanded ancient condition of the glacier, a group of barren rock 
In'n.q farther north had been scraped clean of all soil and eroded into a series of roches 
moutonn^es forms, and rock basins, several of which contained lakes. The ice had re- 
treated from these barren hills not long before the slight advance alluded to, but vegeta" 
tion was finding a foothold slowly. Across this group of barren hills the small recent 
moraine extended in a sinuous course, and between it and the ice there was as yet almost 
no vegetation. Beyond these rock hills the area of recent overriding could be traced 
ior several miles by the narrow barren zone between the little moraine and the glacier. 

Evidence of the amount of time that has elapsed since the earlier, much more expanded 
position of Shoup Glacier is found in the distribution of forest on the neighboring hills. 
Willow, alder and cottonwood, mature, but perhaps not more than twenty or thirty 
years old, grow almost up to the very edge of the glacier. Scattered spruces are foimd 
within a mile or so of the glacier, but there is no mature coniferous forest at the ice front, 
as in the case of Columbia Glacier. Outside Shoup Bay, near sea level, scattered spruce 
extends up Valdez Fiord as far as Valdez, but higher on the mountain slopes none is 
iound beyond the entrance of Shoup Bay. There is more spruce on the south than on 
north side of Port Valdez, and on the west than on the east side of Shoup Bay . 

During the maximum of glaciation, when the extended Shoup Glacier received a trib- 
utary from Canyon Creek, the main Shoup ice stream over-deepened its valley so much 
that it left Canyon Creek hanging 1000 feet, though its erosion did not extend so far 
as to remove the ledges beneath the ice fall where the glacier front now rests; nor did 
it succeed in completely erasing the three, alternating, truncated spurs that project into 
the bay. When Shoup Glacier was tributary to the main Port Valdez Glacier, however, 
that larger ice tongue deeply eroded the main fiord, leaving the Shoup valley itself hang- 
ing 480 feet. This discordance, masked by the waters of the bay, is clearly shown in 
Fig. 26 where the greatest depth inside Shoup Bay is seen to be 45 fathoms, while the 
depth outside, in Port Valdez, 115 to 142 fathoms. There is a striking contrast between 
this submerged, hanging Shoup Glacier valley, the largest tributary of the great glacier 
that formerly extended down Port Valdez from the Valdez Glacier and Lowe River 
valleys, and the visibly hanging valleys of the smaller glacier tributaries, whose posi- 
tions are indicated in Figure 26 by the letter h. In the mouth of each of these hanging 
valleys a steep-sided, post-glacial gorge has been cut, or a foaming waterfall descends, 
as from Canyon Creek. The different levels of the hanging valleys, and the highly perched 
Canyon Creek valley, hanging with reference to Shoup Bay, as that hangs with refer- 



£54 


ALASKAN GLACIER STUDIES 


ence to Port Valdez Fiord, testify to differential ice erosion. The heights at which the 
valleys hang are roughly proportional to the size of the glaciers which occupied them 
and to the power of the glaciers whose erosion left them hanging. 

Just after becoming detached from the Port Valdez Glacier, Shoup Glacier seems to 
have halted at the mouth of its bay, and to have spread out in a small piedmont bulb 
long enough to build a submarine deposit at the lip of its hanging valley; for here the 



FlO. 26. SUBMARINI] CONTOUBB OF PoBT VaLDEZ. 

After U. S. Coast and Geodetic Survey. Soundings in fathoms. Contour interval 100 feet. 
Hanging valleys shown by the letter h. 


water now decreases in depth from forty-five fathoms within the bay to one or two fathoms 
just outside of it. This shoal at the bay mouth, and the sandspit upon it could hardly 
have been built in water 45 to 68 fathoms deep had not a morainic foundation been 
provided; and it is noteworthy that the deposit is just so located, and of just such diape, 
as a bulb glacier would build up here. After this period of halting Shoup Glacier seems 
to have retreated fairly steadily. 




!Fig. 27. Natural Scale Cross-Section of Port Valdez. 
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Glaciation op Valdez Fiobd 

It is evident that the entire Valdez Fiord has been at a former period deeply filled with 
a great glacier, tributary to the Prince William Sound glacier. We made no determina- 
tions of the exact height to which this glacier extended, but Grant and Higgins^ estimate 
the height reached on the south side of Port Valdez as about 8200 feet. 

As already stated, there are several visible hanging valleys on either side of the Port 

1 Giant, U. S. and Higgins, D. F., Bull. 448, U. S. Geol. Survey, 1910, p. 19. 








Fig. SuBMABINlD CoNTOtTHfl OF VaMHIZ AbM. 

After U. S. Coast and Geodetic Survey. Soundings in fathoms. Contour interval on the land 
250 feetf and below sea level 100 feet. 

valleys on the land. There are no known, nneroded lateral spurs below sea level. 
There are several submerged hanging valleys besides Shoup Bay, Sawmill Bay hang- 
ing 1150 feet (Fig. 28) and Galena Bay, north of EUamar, 600 feet. 

In the narrowest part of Valdez Narrows the fiord walls below sea level have slopes 
of 2500 feet to the mile, and even more in places. Here, where the ice stream was most 


1 Charts 8519 and 8521, U. S. Coast and Geod. Survey. 
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constricted, and might have moved fastest and eroded most efficiently there is a reef 
in midchannel (Middle Hock) which was not removed by glacial erosion, and which rises 
just above sea level at all stages of tide. The contours (Pigs. 26 and 28) show that the 
part below sea level has the typical roches moutonn4es form with the gentler slope on 
the side from which the ice came. South of it the fiord bottom is basined, probably 
by glacial erosion, and similar basining is also developed north of Valdez Narrows where 
the whole of the inner Port Valdez is 700 to 800 feet deep in contrast with 400 to 600 
feet at the Narrows. Outside the Narrows, also, Valdez Arm seems to be basined, for 
the fiord is 1200 to 1250 feet deep but separated from outer Prince William Soimd by 
a broad 200-foot barrier between Pt. Preemantle and Bligh Island. This may be 
either a submerged moraine or an uneroded reef. Galena and Jack Bays also have a 
basined character which may be explained either by bottom deposits or by differential 
glacial erosion. 

So far as known there are no submerged moraines, except the one at the entrance to 
Shoup Bay. How much the fiord was filled by glacial deposits is not known, but the 
delta at the head of the fiord, built by the streams on the outwash plain in front of Valdez 
Glacier and by Lowe River, has doubtless encroached considerably upon the ice-eroded 
fiord and is still advancing at a rapid rate. Possibly also the flat floor of the fiord has 
been in part produced by glacial deposit. The fine mud and silt, shown on the Coast 
Survey chart, slopes only about 50 feet to the mile after leaving the steep descent of 
the submerged delta front near the town of Valdez. 



Plate XCVIII 



Shoup Glacier 

A glacier front of only moderate height, but one beside which the man’s figure (left of lower 
center) looks puny. Photograph, August 20, 1909, 




B. Shotip Giacibr prom SotrrHWESTnEN Margin 
Photograph from Station D (Fig. 24), August 20, 1909. 






B, General View of Fotfb op the CABCAPma Glaceerb op College !E^ord 
From li^t to left. Smith, Biyn Mawr, Vassar and Wellesley. Pliotograph from Station O (Map 7), College Point, July, 1910. 



Plate CI 



The Lower Portion op Columbia Glacier 
Showing the City of Washington, plotted on the same scale. 




Plate CII 



West Mabgin op Columbia Glaciee 

As photographed by Gilbert in 1899 (upper view) and by the National Geographic Society’s expedition 
in 1909 (lower ^dew), from Photo Station G, during the recent advance. 








Ice Tower at the Front of Columbia Glacieb 

Which fell a few minutes after this photograph was taken, causing waves to wash up over 20 feet on the shore. 
Height of ice diff compared with Bunker Hill monument, which is 220 feet high. Photograph, June, 1910. 



A, Front of Columbia Glacster in 1899 

On islet north of Heather Island. Photograph by G. TL Gilbert, from Station D (Map 6). See also Plates CVH 

and CVIII. 



B. Jumble op Foeest Debeis 

In front of the advancing Columbia Glacier on the islet north of Heather Island, June, 1910. 




B. Front of Columbia Glacier in 1008 

On islet north of Heather Island. Photograph by Grant, July 16, 1908, from same site as upper view. See also 

Plates CVI, A, and CYIH. 


Plate CVIII 



A. Front of Columbia Glacier, June 24, 1909 
On islet nortli of Heather Island. Photograph by Grant and Higgins, from Station D. 



B. Front of Columbia Glacier, August, 1909 

On islet north of Heather Island. Photograph from a point close to Station D. See also Plates CVI, A, and C VII. 



A. Columbia Glacier 

Advancing and pushing up a terminal moraine, July 6, 1910. 



B. Columbia Glacier 

Advancing and pushing up a moraine'and overriding forest on islet north of Heather Island, July 6, 1910. 




Plate CXI 




COLTTMBTA. GlACIBJR 

On August 23, 1909, June 6, 1910, and September 5, 1910. Advance is rapidly narrowing the lagoon. 

From Photo Station N (Fig. 32), 


Plate CXTI 



A, Terminal Moraine with Knobs and Kettles 

At eastern margin of Columbia Glader. Pliotograpli by U. S. Grant, June 24, 1909, from Station B (Map 6). 



B. Mb ARE S Glaciee and Mount Grobvbnor 
At the head of Unakwik Inlet. From Photo Station C (Kg. 87), July 18, 1910. 
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THE COLUMBIA. GLACIER 

Location and Oenercd Relationships, Glacier Island, which forms the western border 
of the entrance to Valdez Arm, lies directly in front of Columbia and Long Bays on the 
north shore of Prince William Sound. Columbia Bay is about three and a half miles 
wide at the entrance, but broadens to five miles inside, and contains Heather Island and 
several islets. At the head of the bay, five miles from the entrance, is the Columbia 
Glacier. In outer Columbia Bay the water is between nine hundred and a thousand feet 
deep, decreasing to six hundred feet near the glacier. The adjacent mountains rise from 
^00 to 5000 feet. Columbia Bay is a broader and less imposing fiord than Port Valdez. 

Explorations, The Columbia Glacier, which has also been called Live, Root, and 
Fremantle Glacier, was seen from the mouth of the bay and indicated roughly upon a 
map by Whidbey in 1794,^ Applegate in 1887,^ Mahlo in 1898® and Schrader in 1900> 
Whidbey’s map suggests that the glacier ended a short distance north of Heather 
Island in 1794 but does not distinguish the glacier from the land. Applegate’s map rep- 
resents the ice front in about the same position with respect to Heather Island. Mahlo’s 
map does not show Heather Island. Schrader’s map shows a small island, but like the 
other three does not represent the ice front with sufficient accuracy for comparison as 
to glacier movements. The only fact indicated by these maps is that the glacier was not 
strikingly different in the years of observation between 1794 and 1900. 

Vancouver ® tells of the conditions in 1794, when Whidbey saw Columbia Glacier from 
near the mouth of Long Bay, east of which was “ another bay of rather large dimensions, 
with an island in its northeast comer . . . terminated by solid body of compact 

elevated ice, similar to that which has been before described . . . ; as they passed 

the eastern bay they again heard the thunder-like noise, and found that it had been pro- 
duced by the falling of the large pieces of ice that appeared to have been very recently 
separated from the mass extending in vast abundance across the passage . , . in- 

somuch that it was with great difficulty the boats could effect a passage. ” 

1 Vancouver, Capt, George, A Voyage of Discovery to the North Pacific Ocean and Hound the World, 1790- 
1796, Vol. V, London, 1801, pp. 316-17. 

* See map entitled Glaciers No, XI, in Davidson’s The Glaciers of ATflaTra that are Shown on Russian Charts 
or Mentioned in Older Narratives, Trans, and Proc. Geog. Soc., Pacific, Vol. HI, 1904. 

» Map in pocket in book entitled Reports of E3q)lorations in the Territory of Alaska, War Dept., Adj.-Gen. 
Office, No. XXV, Washington, 1890; Map No. 8 in Maps and Descriptions of Routes of Exploration in Alaska 
in 1898, special publication of U. S. Geol. Survey, 1899; Map No. 19, in Twentieth Ann. Rept., tJ. S. GeoL 
Survey, 1900, Part VH. 

< Plate m in The Geology and Mineral Resources of a Portion of the Copper River District, Alaska, House 
Doc. 646, 66th Congress, 2nd Session, Washington, 1901. 

One or another of these sketches of Columbia Glacier is also followed in U. S. Coast and Geod. Survey, 
Charts 8602 and 8619 and in PI. 1, Bull. 327, TJ. S. Geol. Survey, 1907. 

• Op. cit., pp. 316-317. 
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As stated in the preceding chapter Petroflf’s account/ thought to be from observa- 
tions by some of the Russians and describing a great ice front in Port Valdez, may refer 
to the Columbia instead of the Valdez Glacier, for he mentions glacieis in Port Wells 
and Port Kdalgo but none in Columbia Bay. 

Columbia Glacier was visited in 1898 by Capt. A. O. Johansen in the steamship Dora 
and a sounding of 50 fathoms was made near the ice front. 

In 1899 the Harriman Expedition visited Columbia Bay and named and described 
the glacier,* Dr. G. K, Gilbert stayed there from June 25 to 28, studying the glacier, 
making the map here reproduced, and taking a number of photographs which have 
had great value in subsequent studies. His is the first and best scientiSc description 
of this ice tongue.® He found evidence of an advance in 1892. The proofs of this, and 
Gilbert’s description of conditions in 1899, will be referred to repeatedly in the following 
pages. 

In 1902 the steamship Bertha went within SOO yards of the ice front, and other steam- 
ships have visited Columbia Glacier in recent years.^ 

In 1905 a U. S. Geological Survey expedition in charge of Prof. U. S. Grant visited 
Columbia Glacier, and photographs were taken from the sites of some of Gilbert’s photo- 
graphs in 1899. Other photographs were taken from the same sites by Grant and Higgins 
in 1908 and in June, 1909, when the glacier was studied and the ice front mapped. 
The full report upon this work has not yet been published ® but the abstracts ® and photo- 
graphs show that they observed a continuation of retreat here between 1899 and 1905, 
a slight advance between 1905 and 1908, and a greater advance in 1908 and 1909. 

The National Geographic Society’s expeditions have made four visits to Columbia 
Glacier, August 21 to 25, 1909, June 29 to July 11, 1910, September 5 to 6, 1910, and 
June 21, 1911. During 1909 and 1910 the glacier was still advancing, as evidenced by 
the deep thundering noise of the straining glacier, as well as by the lighter crash of ice 
masses sliding down the terminus and by changes along the terminus and margins of 
the glacier. We took photographs from several of the stations occupied by Gilbert, 
Curtis (photographer of the Harriman Expedition) and Grant, and observed a marked 
continuation of the advance seen by Grant, besides making soundings throughout Co- 
lumbia Bay. 

Our preliminary descriptions of Columbia Glacier have been published as follows : ^ 

Our topographer, Mr. Lewis, has made the large scale contour map reproduced as 

1 Petroff, Ivon, Tenth Cenaus of the United States, 1880, Vol. VHI, 1884, p. 27. 

« Burroughs, John, Harriman Alaska Expedition, Vol. 1, 1901, pp. 66-68. 

■ Gilbert, G. K., Harriman Alaska Expedition, Vol. IH, Glaciers and Glaciation, 1904, pp. 71-81. 

4 Higginson, Ella, Alaska, The Great Country, New York, 1908, pp. 267-269. 

Greeljr, A. W., Handbook of Alaska, New York, 1009, pp. 166-168. 

» Grant, U. S., Tidewater Glaciers of Prince William Sound and Kenai Peninsula, Bull. U. S. Geol. Survey. 
(In preparation.) 

• In H. P. Reid*s Variations of Gladers, Joum. Geol., Vol. XlV, 1906, pp. 406-7; Vol. XVH, 1009, p. 670. 

Grant, U. S. and Higgins, D. F., Glaciers of the Northern Part of Prince William Sound, Bull. Amer. G^g. 
Soc., Vol. XLH, 1910, pp. 727-786. 

f Tarr, R. S. and Martin, Lawrence, National Geographic Society’s Alaskan Expedition of 1909, Nat. Geog. 
Mag., Vol. XXI, 1910, pp. 9-10, IS, 80-88, 87. 68. 

Martin, Lawrence, The National Geographic Society Researches in Alaska, Nat. Geog. Mag., Vol. XXII, 
1911, pp. 648-663; Columbia Glacier, Alaska’s Typical Ice Tongue, American Review of Reviews, Vol. XUV, 
i911, pp. 69-76; Two Glaciers in Alaska, Bull. Geol* Soc. Amer., Vol. 22, 1911, p. 781. 
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Map 6, as well as two sets of transit readings upon the ice front from stations listed be- 
low, which are readily accessible and should be revisited in years to come to determine 
the behavior of the glacier, whose advance from 1909 and 1910 is shown by Fig. SO, based 



FiSi SO. TbIANOULAHW on FbONT op CoOUMBU ( ihtrmm. ShONDTS AdTANOB PBOH 1909 TO 1910. 


upon these transit readings. Stations B and C are close to the plane table stations 
occupied by Gilbert in 1899, and are each within a few feet of photographic stations H 
and I, see Map 6. 
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Transit Readings. Transit readings from Stations A, B and C, Columbia Glacieri 
August 23-24, 1909, and July 6-11, 1910. 

Station A is located on tbe western side of Columbia Bay on a rocky spur about one- 
half south of the glacier front. It is a stake driven in the ground two feet east of 
twin trees, both of which are blazed on the east side. This station is close to but not the 
same as photographic station G, see Map 6. 


Rhadinos 


Point Sighted 

Ver.A 

Ver.B 

Angle from 
A-B 

1. Station B (Heather Island) 

1909 0° 0' 

180“ 0' 



1910 0“ 0' 

180“ 0' 


2. Point on Heather Island where glacier 

1 



enters timber 

1909 329“ 02' 

149“ 02' 

30“ 68' (C) 


1910 329“ 62' 

149“ 62' 

80“ 08' (C) 

3. Projecting point of glacier about half 




way between A and B. 

1909 324“ 09' 

144“ 09' 

36“ 61' (B) 


1910 825“ 26' 

146“ 26' 

84“ 84' (B) 

4. Mostwestempointof glacier visible from 

1909 242“ 12' 

62“ 12' 

117“ 48' (A) 

Heather Island 

1910 243“ 46' 

63“ 45' 

116“ 15' (A) 

5, Where glacier enters forest on west side 

1910 239“ 47' 

59“ 47' 

120“ 13' 

6. Point where glacier turns around the 




west spur 

1910 246“ 44' 

86“ 44' 

114“ 16' 


Stat io B is on the highest point of Heather Island, 367 feet above sea level, and near 
the western side of the island. It is a stake driven in the ground and easily to be found. 


Rbadings 


Point Sighted 

Ver.A 

Ver.B 

Angle from 
A-B 

1. Station A (West side of Columbia Bay) 

1909 

0“ 0' 

180“ 0' 



1910 

0“ 0' 

180“ 0' 


2. Most western point of glacier visible. 





(Same as No. 4, Sta. A.) 

1909 

9“ 26' 

189“ 26' 

9“ 26' (A) 


1910 

9“ 16' 

189“ 16' 

9“ 16' (A) 

3. Projectingpointof glacier about half way 

1909 

26“ 59' 

206“ 69' 

26“ 69' (B) 

between A and B. (Same as No. 3, 

1910 

23“ 00' 

203“ 00' 

23“ 00' (B) 

Sta. A.) 





4. Point on Heather Island where glacier 

1909 

61“ 26' 

241“ 26' 

61“ 26' (C) 

enters timber. (Same as No. Sta. A.) 

1910 

66“ 38' 

246“ 83' 

66“ S3' (C) 

5. Projecting point of glacier just east of 

1909 

81“ 62' 

261“ 62' 1 

81“ 62' CD) 

Heather Island. 

1910 

82“ 40' 

262“ 40' 

82“ 40' 

6. Point where glacier leaves land on east 

1909 

82“ 86' 

262“ 36' 

82“ 36' (E) 

side 

1010 

o 

GO 

00 

268“ 24' 

83“ 24' (E) 
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Station C, elevation 1497 feet above tide, at timber line on a long east-west spur east 
of the glacier, is a stake driven into a joint in a rock ledge. 


Readings 


Point Sighted j 

Yer.A 

Ver.B 

Angle from 
B-C 

1. Stations (Heather Island) 

1909 

0“ 0' 

180“ 0' 



1910 

0° 0' 

180“ 0' 


2. Point of glacier just east of Heather 

1909 

e® 36' 

186“ 36' 

6“ 36' (D) 

Island. (Same as No. 5, Sta. B.) 

1910 

6° 68' 

186“ 68' 

6“ 68' (D) 

3. Point where glacier leaves land on east 

1909 

23“ 46' 

203“ 46' 

28“ 46' (E) 

side. (Same as No. 6, Sta. B.) 

1910 

23“ 32' 

203“ 82' 

23“ 32' (E) 

4. Most eastern projection of glacier toward 

1909 

102“ 44' 

O 

GO 

102“ 44' (F) 

inside lake. 

1910 

106“ 06' 

286“ 05' 

106“ 06' (F) 

5. First bend in glacier north of No. 4. 

1909 

96“ 27' 

275“ 27' 

96“ 27' (G) 


1910 

96“ 62' 

276“ 62' 

96“ 62' (G) 

6. Nextbendinglaciernorthof No. 5. 

1909 

99“ 49' 

279“ 49' 

99“ 49' (Ga) 


1910 

101“ 10' 

281“ 10' 

101“ 10' (Ga) 

7. Edge of glacier on west side of first nuna- 

1909 

93“ 24' 

273“ 24' 

93“ 24' (H) 

tak. 

1910 

94“ 26' 

274“ 26' 

94“ 26' (H) 

8. South edge of glacier on east side of sec- 

1909 

118“ 00' 

298“ 00' 

118“ 00' (I) 

ond nunatak. 

1910 

118“ 66' 

298“ 66' 

118“ 66' (I) 

9. West edge of glacier near the north end 

1909 

124“ 36' 

, 304“ 36' 

124“ 86' (J) 

and on the east side of second nunatak 

1910 

125“ 66' 

306“ 56' 

126“ 56' 

10. Tongue of east branch of glacier north of 

1910 

119“ 66' 

299“ 56' 

119“ 56' 

alluvial fan. 






The points located by these two sets of transit readings when plotted (Fig. 30) show 
the advance of the glacier during ten months from 1909 to 1910. 

General F eatures of Columhia Glacier, This giant among the glaciers of Prince William 
Sound has its source upon the southern slopes of the Chugach Moxmtains. Its length is 
not known, only the southern fifteen miles having been seen by white men. It rises near 
the base of Florence PeakS which is 11,190 feet high (PL XCIII) and is the highest 
point in the Chugach Mountains. It is possible that the length of Columbia Glacier is 
twenty-five miles or more and that it heads upon snowfield passes whence it is continued 
as a through glacier with the Valdez and Shoup Glaciers of Port Valdez to the east 
and the Tazlina Glacier of the Copper River drainage to the north. The lower part of 
the glacier varies in width from three to four miles, and the lower valley walls rise 2500 
to 3200 feet. 

The ice stream flows southwestward from its unknown source, and about nine miles 
from the sea turns abruptly southward. At the turn there is a 3664 foot peak, east of 
which the glacier sends a distributaiy southward for three and a half miles. This is one 
to two miles wide and at its terminus nearly, if not quite, coalesces with the main glacier, 

> Named by the junior author of this book in 1910 for his wife. 
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making tke hill a nimatak. At least one great south-flowing tributary enters the main 
glacier above this distributary, and there may be two other north or northwest tribu- 
taries. The west side has two pronounced embayments, the northernmost of which may 
contain a tributaiy glacier while the southern seems from one point of view to be simply 
a lateral valley into the mouth of which the Columbia Glacier margin has bulged west- 
ward. 

The broad lower portion of Columbia Glacier is one of the largest and most beautiful 
in Alaska, terminating in a superb ice cliff from which icebergs are continually being dis- 
charged. The order of magnitude of this ice tongue may be seen by examining PL Cl 
in which the whole city of Washington, D. C/, has been drawn carefully to scale upon the 
surface of Columbia Glacier. One who has walked much in Washington can appreciate 
the magnitude of a surface of snowy-white, severely-crevassed ice twice as wide as from 
the Capitol to the White House and with a terminal ice cascade nearly as long as from 
the Navy Yard to the Naval Observatory, and varying in height from 100 to 260 feet. 

There are medial moraines near each side of the lower glacier and a broad lateral 
moraine along the eastern margin, which is lobate and determined in position by several 
rock hiQs 600 to 1200 feet high. The distributary east of the nunatak is fronted by a 
low rock ridge and has its terminus covered with ablation moraine. The west lateral 
moraine of this distributary swings out into the ice tongue and becomes medial in the 
upper main glacier. The glacier is moving rapidly and is severely crevassed from side 
to side, though less broken within the area of lateral moraines. 

For purposes of description Columbia Glacier may be divided into (a) the main glacier 
surface, (b) the lobate eastern margin, (c) the eastern ice cliff, (d) the Heather Island 
terminus, (e) the main ice cliff, and (f) the western margin. These will be described 
in inverse order. 

The Western Margin. Gilbert observed in 1899 ^ that “at the western margin of the 
main ice cliff, where the glacier crowded against a steep slope, there was a belt of bare 
rock, from 200 to 300 feet broad, between the ice and the forest. A photograph taken 
by him from a rocky point about half a mile south of the western edge of the glacier front 
shows the conditions in 1899 and ten years later the National Geographic Society's 
expedition was able to reoccupy this exact site (G, Fig. 31), as Grant had done earlier 
in the same year. Our 1909 photograph is reproduced with that of Gilbert in PI. CII and 
shows the precise change that had taken place in the ten year interval. There was con- 
siderable lateral spreading and thickening, for, as the glacier advanced, it had broadened 
so that the ice margin had pushed forward two or three hundred feet and once more 
reached the forest, into which it had not yet advanced very far on August 23, 1909. 
This is shown by the presence, in both pictures, of the same distinctive lone tree and the 
adjacent trees at the top of the hill between the ice edge and the forest. The glacier 
had thickened one hundred and fifty feet or thereabouts. The lateral spreading may 
have been more than 200 feet, for the glacier surely continued to recede between 1899 
and the time when the 1909 advance began and it must, therefore, have readvanced this 
distance in addition to the 200 feet. 

On July 6, 1910, the junior author found that this lateral spread had continued, cover- 
ing the site of a marginal stream near the glacier terminus and crowding stiU farther 
westward into the forest. The amount of spread in the ten month interval was about 

^ Gilbert, G. K., Harriman Alaska Expedition, Vol. m, Glaciers and Glaciation, 1904, pp. 76-77. 
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170 feet, trees being overturned and rocks overridden by the spreading ice. There was 
more wood than dirt and stone in the marginal debris heaped up by the spreading ice 
as it advanced into the forest. From Gilbert’s photographic site on the rocky point to 
the south (G. Map 6) the evidence of the spreading was clearly seen and it was also plain 
that thickening had continued from 1909 to 1910, the amount being estimated as at 
least 50 to 75 feet. 

Besides this spreading there was forward movement at the western margin from 1899 
to 1910, for Gilbert says that in 1899 the belt of bare rock between the western margin 
of the glacier and the forest ‘‘was strewn with fragments not only of rock but also of 
wood, and trees were freshly overthrown at the margin of the forest. At the time 
of its attack on the forest the ice must have been 100 feet deeper than in the summer of 
1899, and it also extended farther southward, as shown by a push moraine of rock at 
the water margin, 800 feet from the ice front. A second push moraine, less massive than 
the first, lay within it, being 160 feet from it at the water margin and elsewhere nearer 
to it than to the ice. ” He shows later, by the evidence of vegetation within this push- 
moraine along another part of the glacier, that this earlier advance had not taken place 
more recently than 1892 and perhaps in that year. 

In June, 1909, Grant and Higgins found that the western margin had spread laterally 
far enough to encroach upon the forest and had advanced southward a distance esti- 
mated as about 500 feet beyond the position in 1899.^ This advance had taken place 
mainly since Grant’s earlier visit in July, 1908. 

In August, 1909, we found thait the western margin of the glacier had not only moved 
forward the eight hundred feet from the 1899 terminus to the outer push moraine, but 
that the front had also moved forward approximately four hundred feet more. The 
advance had without doubt been even more than the twelve hundred feet from the 1899 
to the 1909 terminus, for the glacier surely continued to retreat between 1899 and the 
period between 1905 and 1908, when the present advance began, judging by its behavior 
on Heather Island during this period. We cannot determine how much this recession 
amoimted to, but whatever it was must be added to the 1200 feet of net advance be- 
tween 1899 and 1909. If Grant’s estimate of the position in June, 1909, is correct, the 
advance between June and August, 1909, was about 700 feet. 

In overriding the barren area strewn with rock and wood on the western margin, the 
two push morames, mentioned by Gilbert, had been destroyed but a new push moraine 
had been formed in 1909, rising ten or fift^n feet above a beach where there was no 
such feature ten years before. It was made up of beach rubble and the ice was still in 
active contact with it on August 23, although the moraine was not visibly shoved while 
we were upon it. Above it rose the d6bris-stained, crevasse-riven ice cUff, from whose 
slope large blocks of ice had recently fallen upon the surface of the push moraine. The 
surface of this moraine was five or six feet wide and nearly flat-topped. It had a ste^ 
outer slope upon which several young spruces were stiU growing, having been tilted from 
a vertical position to an angle of forty-five degrees (PI. XCVII, B), and in some cases 
even to a horizontal position, by the glacier pushing up the ground in which they grew. 

The push moraine disappeared a few himdred feet back from the beach where the gla- 
cier was actively advancmg into the forest along the western margin. Here we found a 

1 Grant, U. S. and Higgins, D. F., Glaciers of the Northern Fart of Prince William Sound, Bull. Amer. Geog. 
Soc.. VoJ. XLH, 1910, p. 729. 
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jagged cliff, with ice daxk from included rock fragments, in immediate contact with the 
steep moimtain slope and the trees growing upon it. The trees were being uprooted and 
overturned by the advancing glacier (PL CHI) and their dead trunks were inclined at 
various angles. The trees not yet attacked were growing undistmbed, several of them 
beneath the very shadow of the overhanging ice cliff. The only attack upon the trees not 
yet reached by the ice itself was being made by the glacial stream which flowed along the 
ice margin. This stream had been forced westward into the forest and for some distance 
was flowing among the tree trunks, not having yet eroded sufficiently, or, at the base of 
the slope, deposited enough gravel to overturn or kill more than a very few of them. 

On July 5, 1910, when the junior author revisited the western margin of Columbia 
Glacier, he found that the ice had not only spread and thickened since 1909 but had 
continued to advance southward during the ten months since his last visit. The amount 
of forward movement was about 840 feet and the terminus of the glacier was within 
240 feet of the nearest rock ledges on the first promontory to the south, from which 
future measurements might conveniently be made, or from the bench mark near Station 
G (Map 6), still farther south. 

The advance had taken the ice front over half way across the beach nearest the glacier 
and the marginal stream which emerged on the beach at the ice front in 1909 was gone, 
the water evidently escaping beneath the ice. The substantial push moraine of August, 
1909, had also been destroyed by the advance and there was not as large an accumulation 
at the margin of the glacier. The ice was broken and splintered and upper portions were 
being thrust-faulted forward over the basal ice. In some cases trees were being pushed 
down by these upper ice splinters before the base of the ice chff reached their roots. 

Between July and September, 1910, this western margin of the glacier seemed from 
Heather Island to have advanced less than 120 feet. Between the latter date and June, 
1911, the advance continued but as we saw the glacier only from the steamer, near the 
southern end of Heather Island, we cannot say how much except that it was less than 
100 feet. 

To summarize, the western margin of Columbia Glacier has had the following oscil- 
lations, the net advance from before 1909 to 1911 being at least 1700 feet. It is possible, 
in view of minor oscillations in midglacier that there were several short periods of re- 
treat not mentioned in this table, and that the total advance was even greater. 


Date of Change 

Nature of 
Change 

Amomit 

Observer 

1892 to July 25-27, 1899 

Retreat^ 

800 feet 

Gilbert 

1899 (July 25-27) to unknown date 

Retreat 

Not measured 


TJnkno^ date to June 24, 1909 

Advance 

600 + feet* 

Grant and 
Higgins 

1909 (June 24) to Aug. 28, 1909 

Advance 

700 feet 

1 Tarrand 
Martin 

1909 (Aug. 28) to July 5, 1910 

Advance 

340 feet 

Martin 

1910 (July 5) to Sept. 5, 1910 

Advance 

100-120 feet 

Martin 

1910 (Sept. 5) to June 21, 1911 

Advance 

Less than 100 
feet 

Tarrand 
Martin = 


> Perhaps interrupted by minor advance about 1897 or 1898. 
I Plus unmeasured retreat above. 
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The Main Ice Cliff. The main ice cliff of Columbia Glacier, between the west shore and 
Heather Island, h^ a width of a little over two and a half miles. It is somewhat less im- 
pressive than the Hubbard Glacier cliff in Yakutat Bay, being shorter, less active, and 
with less imposing mountains behind. It is, however, a beautiful, pinnacled (PI. CV) and 
crevassed, snowy white, sinuous precipice of ice, rising vertically between 100 and £50 
feet above the water, and in a less precipitous cascade to 500 feet. Its height, sweep 
and beauty may be inferred from PL CIV where the dimensions of the ocean steamship 
in the foreground give a scale for visualizing this magnificent ice cliff. It descends to an 
unknown depth below sea level, the nearest sounding being 600 feet, though the water 
may be a little deeper at other points. For various reasons, notably the sloping front 
of the ice cliff, the absence of large icebergs, and the shallowness of the water, we are 
convinced that the glacier front is not afloat. If it were, the water would need to be at 
least 1500 feet deep. 

In 1899 Gilbert stated^ 
that “ at the western mar- 
gin of its principal tidal 
cliff the glacier rested on a 
bank of drift at the level 
of low tide, and this bank 
extended eastward as a 
shoal,^ on which bergs 
were stranded, for several 
hundred yards from the 
shore. We noted two 
important streams from 
the western ice cliff. One 
of them issued from a 
cave at the water’s edge 
near the western Hmit of 
the cliff, the other from a 
submerged and invisible 
tunnel near the middle of 
the cliff. The last mentioned was probably the largest of all the draining streams. It 
rose to the surface at the base of the cliff and flowed southward over the salt water, 
forming a broad lane of milky fresh water with a visible current and at times nearly 
free from floating ice, ” 

In 1909 and 1910 the streams mentioned were no longer there, doubtless having been 
destroyed by closing of orifices in the ice during the advance then in progress. The 
site of the shoal mentioned was overridden and there was no stranding of icebergs near 
the western margin except as ice masses had slid down from the cliff and lay upon the 
beach or near it in shallow water. 

Grant and Higgins’ map of Columbia ice front (Fig. 31), made in June, 1909, 
shows a retreat of parts of the west cliff of nearly one-eighth of a mile, since 1899, 

» Op. cit., pp. 75-76. 

■ See Eig. 29. This was shown on his plane table map, but omitted in the reproduction in the Hairiman £x- 
I»edition r^ort, Vol. m, FI. XI. 
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there being an advance during the same period of ten years in the central part of the 
tidal cliflF.^ 

In 1899 the point of the ice cliff projecting farthest south was near the center of the 
main cliff and it was in about the same position in August, 1909, though a little farther 
west. There were numerous minor promontories and coves in the ice cliff. The cliff was 
almost entirely free from d6bris, except in the areas reached by the western lateral moraine 
and one medial moraine near the western border. It was snowy white near the top and 
more glassy near the base, where there were also occasional minor dirt bands, also sug- 
gesting the shallowness of the bay here. Photographs, taken in 1909, from two sites on 
the small island north of Heather Island that were occupied by members of the Harriman 
Expedition ten years before, showed a slight advance of the main ice front in Columbia 
Bay and an increase in the height of the cliff. 

With the advance of the cliff on the western margin there was a great increase in the 
height of effective wave work there, resulting in the destruction of vegetation by the 
great waves generated by the discharge of icebergs from the front of the glacier. Along 
the inner face of the beach and at the base of the cliff, vegetation had grown with rela- 
tion to the height of wave work appropriate to an ice cliff a quarter of a roile or more 
away. When the ice cliff advanced this distance the waves began to wash up much 
higher, and in August, 1909, beach cobbles and sand had been thrown back among the 
trees, from some of which the bark had been eroded several inches above the ground. 
Some trees were killed by the sand and salt water, and some were broken off. Lichens 
and moss were removed from the rocky cliffs fifteen to twenty-five feet above high tide, 
soil had been washed down, and at the head of one chasm on the coast a wave had re- 
cently splashed so high out that it had ripped up a strip of turf and flung it, bottomside 
up, into the forest at the head of the chasm. 

The main ice cliff, which descends nearly 500 feet in the last quarter of a mile, though 
frequently discharging icebergs, more by cascading down the front than by rising from 
below the surface, was far less active than Hubbard Glacier in Yakutat Bay. The terminal 
cliff of Columbia Glacier is nearly 200 feet higher than that of Hubbard Glacier, but it 
is far less steep. Columbia Glacier has a broken front down which ice fragments cascade 
whereas Hubbard Glacier front is in places nearly, if not quite, vertical for 300 feet. 
There were no large icebergs, apparently because the ice front stands in shallow water, 
and there were only a moderate number of small bergs, perhaps because of the easy es- 
cape they have to the open waters of Prince William Sound. 

Neither the main ice cliff nor the eastern ice cliff projects as far as the Heather Island 
termmus, perhaps partly because the latter is opposite the center of the glacier, but also 
in part on accoxmt of the more rapid recession in salt water than on the land. Because of 
this difference, the ice front of Columbia Glacier is sinuous, with moderate re-entrants 
in the two places where in contact with the salt water, and with a notable projection 
where resting on the island. 

In June, 1910, the main ice diff was from 400 to 600 feet farther south than in Aug- 
ust, 1909, the greatest advance (Pig. SO) having come in the portion a little west of 
the middle. The rate of actual advance of that portion of the glacier ending in water 
cannot be determined because iceberg discharge causes the shortening of the glacier 
while it is advancing. The rate must be considerably in excess of two feet a day, however, 

> Grant. U. S. and BQggins, D. F., Bull. Amer. Geog. Soc., Vol. XLII, 1910, Fig. 6, p. 788. 
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for despite the losses by melting and by calving of icebergs, the main cliff was 600 feet 
farther south on July 5, 1910, than on August 24, 1909, — ^314 days earlier. 

Pictures from two photographic sites occupied by the Harriman Expedition in June, 
1899, and by us in August, 1909, June, 1910, and September, 1910, enable us to check, 
with graphic proof, the forward movement determined with the transit (Fig. 30). The 
advance from August, 1909, to June, 1910, was much greater than that of the preceding 
ten years (Fig. 31), The advance from June, 1910, to September, 1910, which w^ not 
measured with the transit, was slight, though perceptible. It may be estimated roughly 
as over 100 feet. 

During the continued advance from June to September, 1910, a large area of d6bris- 
laden, black ice appeared in the ter min al cliff some distance east of the center. It was 
several hundred yards long and extended 50 or 75 feet above sea level. 

The Heather Island Terminus. East of the main ice cliff the Columbia Glacier termi- 
nates for about half a mile on an islet north of Heather Island and connected with it at 
low tide (Fig. 35). The ice front ends successively from west to east (Fig. 32) : (1) on 
a beach (a-c); (2) near a western clump of timber (c-d); (3) on a boggy heath (d-e); 
(4) near an eastern timber belt (e-h); and (5) on morainic shoals and mud flats in 
the cove north of Heather Island and east of this islet (h-i). Beyond this is the eastern 
ice cliff. 

This part of the glacier has been visited and studied more than any other and the events 
in its history for the past ten years are of much interest. In 1899 Gilbert ^ states that 
“on the island between the two ice cliffs there were also two push moraines of recent date, 
the nearer being about 100 feet from the ice front, the farther from 300 to 500 feet. The 
latter was associated with overthrown forest trees, and included with its rocky dfibris 
not only tree trunks and branches but folds of peaty soil. The tract between the nearer 
push moraine and the ice was in places occupied by an old moraine surface over which 
the ice had advanced, but this surface was elaborately fluted in the direction of ice mo- 
tion, the corrugations having a vertical magnitude of several feet. In one instance it 
was seen that a large bowlder in the underlying drift had impressed its form on the ice, 
preserving in its lee a train of drift of the same cross-section, which constituted a ridge, 
and it is probable that the other flutings were of the same character. As these details 
in the configuration of the drift surface would be quickly obliterated by frost and rain, 
their exposure must have been very recent. Probably the advance creating the push 
moraine and the subsequent melting which laid bare the ice-molded drift had taken 
place within one or two years. ” 

Grant visited this same part of Columbia Glacier in 1905, 1908, and June, 1909, and 
has stated * that in 1905 “at the north end of the small island north of Heather Island, 
on which the front of the glacier is resting, and where a few yeiurs ago the glacier had 
intruded and overturned the front of a forest, a photograph (CVII, A) weis obtained 
from the same position as one (PL CVI, A) taken by Mr. Gilbert in 1899 (Fig. 31, 
Sta. D). At this point the front of the ice has retreated 160 feet since 1899. On the 
ground since vacated by the glacier there is very little vegetation — ^practically nothing 
except fireweed, which has encroached upon this territory only a few feet.” 

1 Gilbert, G. Hanimaa Alaska Expedition, Vol. IQ, 1904, pp. 77-78. 

* Grant, U. S., in H. F. Heid*s Variations of Glaciers, Joum. Geol., Vol. XIV, 1906, pp. 406-7; Vol. XVU, 
1909, p. 670. 
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“In 1905 the front had retreated 160 feet from its position in 1899, and in 1908 it had 
advanced 112 feet beyond its position in 1905.*' 

In June, 1909, when revisited by Grant and Higgins this part of the front of the glacier 
had advanced 310 feet since 1908, and along parts of its front was advancing into the 
forest.^ 

The photographs by Gilbert in 1899 and by Grant in 1905, 1908 and June, 1909, from 



Fig. 32. The Hjsatheib Island T Wmtk tth of CoLUSiBiA Giaoesir in Jtjot], 1910. 

Small letters show location of forest belts, heath, beach, etc. Capital letters show photographic stations, those 
not precisely located haying a letter without symbol. 


exactly the same site, at the western end of the eastern timber belt already spoken of, 
show the retreat and advance at this point graphically (Pis. CVI, A, CVH and CVIII). It 
is also a noteworthy fact that the advance went on even more rapidly between June and 
August, 1909, than before, so that while Grant was able to photograph the glacier from 
this site in the former month, the National Geographic Society's expedition, two months 
later, found the site completely buried beneath the glacier, which had then advanced 

1 Grant U. S. and Higgins, D. F., Glaciers of the Northern Part of Prince "William Sound, Bull. Amer. Geog. 
Soc., Vol, XLH, 1910. pp. 781-783. 
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up to or possibly just beyond the outer push moraine observed by Gilbert in 1899. Our 
photograph (PI, CVHI, B), which belongs with this remarkable series of four, was there- 
fore necessarily taken from a little farther to the right and higher than the others. It 
shows, however, the same group of inclined and overturned, dead or dying trees which 
are in all the other pictures and which were killed by the advance dated by Gilbert as 
seven years before 1899, or in 1892. In August, 1909, the ice front had just passed this 
1892 maximum. On July 4 and September 5, 1910, the advance had gone still farther, 
as is shown below. The measured record at this point is as follows. 


Date of Observation 

Nature of 
Change 

Ainount 

Observer 

1892 (probably) to July 25-7, 1899 

Retreat 

3-n600 ft. 

Gilbert 

1899 (July 25-7) to July 10/ 1905 

Retreat 

160 ft. 

Grant 

1905 (July 10) to July 15, 1908 

Advance 

112 ft. 

Grant 

1908 (July 15) to June 24, 1909 

Advance 

810 ft. 

Grant and 
Higgins 

1909 (June 24) to Aug. 23, 1909 

Advance 

70 ft. 

Tarrand 

Martin 

1909 (Aug. 23) to July 4, 1910 

Advance 

200 ft. 

Martin 

1910 (July 4) to Sept. 5, 1910 

Advance 

50 ft. 

Martin 


The photographs at these seven periods of observations, show many interesting de- 
tails concerning the forms of retreating and advancing glacier fronts, the changes of 
marginal drainage, the accompanying push moraines, the effect on forests and the rapid 
reoccupation by annual plants of a deglaciated surface. 

The half mile of ice front of Columbia Glacier on this islet north of Heather Island 
showed the following conditions on August 22-23, 1909, July 4-9, 1910, and September 5, 
1910. Beginning where the main ice cliff emerged from the water of the bay on the western 
side, there was a push moraine of beach sand and gravel 15 or 20 feet high in August, 
1909, where the photographs show that there was no such moraine in 1899, 1905, and 
1908. The ice was in active contact with this. An older push moraine, probably built 
by the 1892 advance, still extended some distance out toward the water’s edge in 1908 
but it did not extend to the coast, as did that of 1909, which is farther south. A tiny 
push moraine within this older one also shows in Grant’s 1908 picture, the advance 
having then apparently commenced. At the time of Grant’s ^ visit in June 1909, the 
outer moraine had advanced and grown, being about 25 feet high. It was formed 
between July 15, 1908, and June 24, 1909, and continued to be pushed forward from 
June 24 to August 23, 1909. Between August 23, 1909, and July 4, 1910, the glacier 
margin upon the beach continued to advance, shoving the push moraine upon the beach 
ahead of it and truncating more and more of the forest edge. 

Measuring from a graywacke rock ledge upon the beach which was about 300 feet 
from the ice in August, 1909, the glacier margin advanced 135 feet in the ten months up 

■ Grant, U. S., and Higgins, D. F., Glaciers of the Northem Fart of Prince V^lliam Sound, Bull. Axi^er. Geog. 
Soc., Vol. XLn, 1910, p. 785. 
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to July 4, 1910. At the same point the advance from July 4 to September 5, 1910, two 
months, was 132 feet. At this latest observation, the edge of the push moraine in front 
of the advancing glacier was only 33 feet from the highest point in the middle of the gray- 
wacke ledge. 

At the time of each of the three visits by the National Geographic Society’s expeditions 
the push moraine at the advancing glacier margin showed about the same conditions. 
There was a gravel ridge parallel to the ice front and 16 to 25 feet high (PL CIX, A). 
Between its crest and the ice was a depression 6 or 8 feet deep, and the nose of the glacier 
was visibly plowing under the gravel. The outer slope of the push moraine was as steep 
as sliding gravel will stand. The advance was taking place without disturbance of the 
beach gravels beyond the push moraine, in this respect contrasting with the conditions 
along the eastern edge of the glacier which are described later. 

The western edge of the western clump of timber, as shown in an 1899 photograph, 
was not recognizable in August, 1909, and at the time of our visit in 1909, there seenied to 
be no trees as near the water’s edge as in 1899. Since the forest belt recedes farther from 
the coast as one proceeds southward from the 1899 glacier front this indicates a consider- 
able advance before August, 1909, truncating the edge of the forest, and extending be- 
yond the 1892 maximum. Within the western clump pf timber the ice was pushing in 
among the trees in August, 1909, overturning them by the thrust against their roots 
and killing them by burying their trunks beneath the rock and soil of the push moraine 
which bordered parts of the ice front. Furthermore, the glacier was faulted in places and 
long splinters of ice were thrust forward in advance of the base of the ice diff, coming in 
contact with the upper trunks of mature trees and tipping them over. These upper ice 
portions were being pushed ahead of those below by thrust faulting, evidently because 
the basal ice was in contact with the soil and the tangle of roots of a mature forest, so 
that the less resisted upper layers of the ice slid over those below. There were small 
living trees actually under the projecting ice front. One could step from the glacier 
surface into the branches of a tree twenty-five feet above the ground, or climb a tree 
and step out upon the surface of the projecting upper layer of ice. 

The exact amount of advance here is not definitely known, but the ice was surely 
farther out than it had been for fifty to one hundred years, judging by the age of the 
trees now being overturned. The forest was mature, with thickly-set trunks and deep 
moss, and some of the trees were a foot in diameter and from fifty to one hundred years 
old. That at the time of our visit in August, 1909, the advance at this point had ex- 
tended beyond the 1892 maximum is proved by the absence of previously overturned 
trees in this western forest belt, in contrast with the recognizable inclined trees just 
to the east where the advance had extended up to but probably not very far beyond 
the 1892 maximum. 

Between August, 1909, and July 4, 1910 (Fig. 82), the ice advanced nearly through 
this western belt of timber, overriding the trees and pushing up a mass of soil, gravel, 
and wood in front of it. During this period of ten months the width of the forest from 
north to south was diminished from about 300 feet to 100 feet in the widest place. Be- 
tween July 4 and September 5, 1910 (Fig. 33), the destruction of this forest continued 
and on the latter date there was not a tree left standing upright in the main grove. All 
were either overridden or lay prone (PI. CIX, B), or were held inclined by the moraine 
or the ice, except a half-dozen semi-detached spruces at the southern border. One of 
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these was already inclined in September, 1910, suggesting that a ploughshare-like basal 
nose of the glacier was advancing ahead of the visible ice edge. In the intervening 
area a few rolls of turf were being pushed up and these increased in number during the 
two months between our 1910 observations. 

In the forest there was no audible disturbance that would lead one to suspect that 
the glacier was advancing, and it was possible to clamber freely among the overturned 
tree trunks, over the push moraine, and out on the edge of the advancing glacier, whose 
ice was less splintered and overthrust in July and September, 1910, than in August, 1909. 
More of the trees seemed to be thrown down by the weight of the glacial moraine mate- 
rial heaped upon their trunks than by the push of the ice itself, therefore falling with 
their tops away from the ice and afterward being overridden and buried. Some of 



Fio. 88. Columbia. Glaoddb in Septbmbbb, 1010. 

To show advance during 2 months. Dotted line shows ice edge in June, 1910, see Rg. 82. 


the trees, however, were originally overturned by the ice itself and these usually fell 
toward the glacier, the projecting, buried ice edge pushing their roots forward. They, 
therefore, lay across the terminal push moraine and in some cases with their tops on 
the ice itself. Ice seemed to everywhere underlie this terminal push moraine, though 
in places it was deeply buried. 

The terminus of that part of the glacier which ends on the heath between the two 
forest belts was fronted in August, 1909, by a great push moraine of peat and turf with 
a few tree trunks, some bowlders, and a little gravel and till. This push moraine rose 
twenty to twenty-five f^t above the heath on the south, which sloped gradually to 
the shores of a small pond. The ice-contact face of the push moraine sometimes had 
a depression between it and the ice which was due to the thrust, not to melting, for 
the grasses on the inner slope had not been destroyed. The shoving up of the push 
moraine was evidently due mainly to the powerful ploughing of the glacier foot and the 
thrusting forward of the soil. 
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This push moraine was in part a feature produced by the 1892 advance, for there 
were dead trees in it overturned by the previous advance, and a photograph taken 
in 1899 shows the moraine crossing the heath much as in 1909, though with a very 
different relation to the ice front. In August, 1909, the ice was just extending beyond 
the 1892 maximum, as was shown by fresh clods of turf, stones, and pieces of wood that 
had rolled down the outer slope of the push moraine and by one or two blocks of ice 
that had tumbled down the outer side. We are not certain whether the moraine here 
had been moved forward at all or had been made higher in 1909. 

By September, 1910, there was still more advance, but the glacier terminus was 
much thinner. This spectacular decrease in height of the ice terminus from 60 feet 
in July to less than 15 feet in September suggests either (a) tremendous vertical abla- 
tion (45 feet removed in 63 days, or nearly nine inches in a day), or else (b) the collapse 
of this portion of the glacier surface by flowing away of the ice beneath. 

In this eastern part of this heath or meadow the push moraine was fronted by an 
area of turf ridges or billows, extending parallel to the ice front and one hundred and 
fifty or two hundred feet out from it. In 1909 there were synclines and anticlines of 
peaty soil two to six feet wide and three or four feet high, with grass and shrubs still 
growing upon them. Some of them had been made by the thrust of the ice during the 
1892 advance, for they were photographed in 1899. At least two such peaty bolsters 
were, however, added by the 1909 advance at this point. These are not rolls that were 
invisible because submerged in the adjacent pond in 1899, for the water stood higher 
in 1909 than ten years before. The advance at this point extended, therefore, a trifle 
farther in August, 1909, than the 1892 maximum. 

In July, 1910, the push moraine was quite similar to that in August, 1909, except 
that the whole morainic ridge had been pushed forward and it continued to advance 
during the summer of 1910. The sloping heath in front of it, however, was replaced 
by additional bolsters of peat. The depression between the ice and the push moraine 
was decreased somewhat in depth between 1909 and 1910. The push moraine rose 
10 or 12 feet above the ice of the glacier terminus, and 22 feet above the lake to the 
south. It was made up of till with enormous striated bowlders, rounded gravel, and 
peat. It was covered with grass except in places where cracks interrupted and upon 
it were a few trees, most of them dead or dying, as a result of the advance of 1892. 
These trees rode forward on the back of the moraine from 1909 to 1910, maintaining 
their relative positions but slanting at different angles. As already stated, a number 
of peat rolls were added during this period of advance, the whole heath which sloped 
forward in front of the moraine in 1909 being destroyed before September, 1910. In 
some places two or three peat rolls were added between July and September, 1910. 
Some of these arches of peat were six feet high, running parallel to the terminal 
moraine. In a few cases the pressure had resulted in closing up the folds to tightly- 
packed isoclinal structures, in others the arches had cracked across their axes, reveal- 
ing the internal structure. The lake in front of this, portion of the ice front was of 
about the same size in 1909 and 1910, but of different shape and of slightly greater 
depth when the 1910 observations were made. 

At the eastern end of this heathy meadow was a group of overturned and inclined 
trees, some dead and a few living. These merged into the eastern timber belt. Through 
this grove extended a push moraine made up of an intricate jumble of till, gravel, 
18 
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stones and tree trunks, tbe latter, some of which were over two feet in diameter, be- 
ing inverted, prostrate, inclined, or beginning to be overturned. Against this moraine 
the ice cliff of the glacier extended closely in 1909 (PL CX, A), being at least as far 
out as the advance that killed the trees in 1892, and perhaps a little farther. The 
glacier terminated against this push moraine, above which it towered precipitously, 
but it was not so severely crevassed that one could not walk out a short distance 
upon its surface. At one point we could enter some of its larger crevasses and see the 
deep blue of the ice from within. The dirty basal ice projected farthest in this area, 
there being no projecting splinters of clear upper ice thrust forward among these trees, 
as there were in the western timber belt. 

Outside the push moraine, in the tangle of tree trunks, there were a few rolls of peaty 
soil with shrubs and other plants, still growing in 1909, although often at right angles 
to their normal vertical position. One such roll was a typical anticline overturned on 
the side away from the thrust, whose effect here was felt at least 100 feet from the ice. 
Pew of the growing trees which were not affected by the 1802 advance had been over- 
turned in August, 1909. 

At the eastern end of this forest belt a small pool was held in between the ice front 
and the rocky slope of the higher part of the island (PL CX, B), and its outlet flowed 
westward through the edge of the forest to the small pond near the heath mentioned 
above. Out of this east pool rose a series of overturned and compressed folds of peaty 
soil on the extreme eastern edge of the belt of oveitumed trees. On the opposite 
(east) side of this pool the glacier had pushed up a former sea bottom deposit of clay 
with abundant marine shells. 

In 1910 the whole situation was changed, owing to the advance of the glacier, A 
few of the inclined trees were recognizable, but the ice front had advanced several hun- 
dred feet into the growing forest and had heaped up among the growing trees a ter- 
minal moraine mass of tree trunks, soil, rock, and vegetation (PI. CVI, B). It rose to a 
height of 30 or 40 feet, at least, where ten months before there had been no surface ac- 
cumulation. Above this heap rose the inclined trees in a confused thicket, with trunks 
pointing at every conceivable angle. The growing trees in this eastern timber belt had 
not been overridden and buried, as in the western timber belt, nor pushed forward with- 
out being overturned, as was the case with the scattered trees on the intermediate push 
moraine back of the heathy meadow. All of them were overwhelmed by the advancing 
glacier, but only a few were overridden, while most were heaped up in the windrow of 
forest debris, whose edge advanced steadily into the growing forest from July to Sep- 
tember, 1910. Some distinctive blackened tree trunks, which had been killed previously, 
changed position from August, 1909, to July, 1910, not only by forward movement but 
by being lifted vertically 80 or 40 feet. 

Along the eastern edge of this forest belt, in 1910, the site of the little pool observed 
in 1909 was overridden; and the glacier had advanced to the edge of a high bank which 
was a hundred feet or more from the ice the year before. As yet there were no push 
moraine or tangle of tree trunks at the margin of the glacier, which had advanced across 
a clear space formerly occupied by the eastern pool and by a marginal stream course. 
In July and September, 1910, however, the forest was just being invaded by the ice. 
One tree which was seven feet from the ice on July 6th was touched by the glacier on 
July 9th, the advance being 2^ feet a day; and before September 5th this tree was over- 
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ridden. Measurements made from tiie glacier edge to a blazed tree at the base of a 
neighboring hill showed an advance here of 20 feet from July 9th to September 5th, the 
rate being slower than in July, probably because the glacier was advancing up a steep 
slope during the latter period. On September 5th the ice edge was only 13 feet from 
the tree, which is blazed on the side away from the glacier. 

The remainder of this portion of the ice edge was bordered in 1910 by a strip of mud, 
covering the terminus of the glacier. There was a series of mud flows of varying li- 
quidity depending upon the amount of water from the melting ice, some of them flowing 
out into the borders of the forest, overwhehning the shrubs and rising up around the 
trunks of the trees. Near the eastern edge of the timber belt the mud flows were crowd- 
ing in against a high bank, along which they rose appreciably higher in September 
than in July, 1910. 

In the cove between the eastern end of Heather Island and the small island to the 
.north of it the glacier ended in a low, dirty, sloping front instead of in a clean, precipi- 
tous cliff. The actual terminus was upon morainic shoals and tidal mud flats so that 
the water came up over the end of the glacier at high tide; but at low tide the cove 
had no water except a narrow shallow stream flowing down the middle. Near the gla- 
cier were many mud flows, and the whole cove, or lagoon, was floored by fine glacial mud 
across which it was possible to walk at low tide. Scattered through it were a few bowlders 
dropped by icebergs which floated in the cove at high tide, and upon its surface there 
were iceberg pits and long, sinuous trails left by the dragging of icebergs during the 
rising and falling tide. None of these icebergs were discharged from this part of the 
glacier but floated in from the larger bay to the east. Numerous small streams emerg- 
ing from this part of the glacier were helping to fill the cove with glacial mud. 

This cove was narrowed considerably by the advance of the glacier from August, 
1909, to July, 1910, and from the latter date to September, 1910, as the three photo- 
graphs of PL CXI clearly show. 

That this part of the ice front extended farther out a number of years ago is indi- 
cated by a morainic island extending at right angles to the present glacier terminus 
and not now covered at high tide. It has no trees or other vegetation, except annual 
plants, and is the only land close to the ice front that has neither trees nor thick heather; 
but the annual plants that grow upon it, show that the tide does not rise over it now. 
Gilbert says ^ that in 1899 “a bank also extended eastward from the island against which 
the ice front rested, constituting at low water a stony cape half a mile long near the 
foot of the ice cliff.” His description and photograph do not harmonize with our ob- 
servations in 1909, for the bank was siuely an island then. It is possible that this 
part of the glacier has advanced to the island since 1899, for no other cause for raising 
it above high tide is possible, excepting uplift. Recent advance to the morainic island 
is indicated by the presence of a sinuous ridge of gravelly material on the side next 
the ice front. This deposit may possibly represent either an esker or a. push moraine. 
The latter seems the more probable, for in July, 1910, the advancing ice. front was 
building a low push moraine with a series of minor lobes which had narrow crests and 
very angular turns, similar to those in the higher, sinuous deposit of older date. 

In front of the ice there was a broad, low arch of stiff mud with marine shells, pushed 
up between August, 1909, and June, 1910, across which an antecedent stream had cut a 

A Op. cit., p. 75. 



276 


ALASKAN GLACIER STUDIES 


narrow gully, deepest at the arch of the uplift, where there was a little cascade. The 
whole arch is 100 feet or so in width. 

That icebergs were formerly discharged in this cove, when the glacier extended out 
farther than now. and the water was not yet so shallowed by deposition, is indicated 
by an abandonee! wave-cut cliff on the Heather Island side of the lagoon. At the top 
of this cliff were trees fifty to seventy-five years old; but the face of the cliff is partly 
covered with a growth of peat, growing in which and at the base of the cliff were trees 
fully twenty-five years old. The cliff -cutting had, therefore, ceased over twenty-five 
years before 1909. 

It is not known exactly what changes in detail took place in this part of the terminus 
of Columbia Glacier between 1899 and 1908, but between 1908 and late August, 1909, 
there was sufficient advance of the terminus so that the details shown in Grant’s 1908 
photographs were entirely destroyed by August, 1909. Marked thickening of the ice 
in this part of the terminus is demonstrated by a comparison of the Gilbert photograph 
from the islet north of Heather Island in 1899, with Grant’s 1905 and 1908 photographs 
from the same site. These show that there was not only an advance and thickening 
between 1899 and 1905 but that the advance ceased, the ice thinned again by ablation 
and was again thickened by advance between 1905 and 1908, the thickening continuing 
very markedly in 1909 and 1910. 

In Gilbert’s 1899 photograph (PL CVI, A) the part of the ice front beyond the eastern 
timber belt shows as a low, irregular surface, completely mantled by dfebris. In Grant’s 
1905 photograph (PL CVII, A) this area is occupied by crevassed ice, at least fifty feet 
thicker than in 1899, judging by the height to which it rises upon the nearer inclined 
tree trunks through which it shows. It may be even thicker. Following this advance 
and thickening there had been some ablation, for the terminus was again partly man- 
tled with debris and the crevasses partly healed. This advance had, therefore, ceased 
before 1905 and had not extended out any farther than the 1892 maximum, as shown 
by stones in the foreground of the 1899 and 1905 pictures and by Grant’s measure- 
ments of the retreat of the ice front several hundred yards to the west. Comparison 
of Grant’s 1905 and 1908 photographs show that the retreat continued some time after 
1905, for the surface seen through the trees was lowered very considerably by ablation 
between 1905 and 1908, though still thicker than in 1899. The surface to the left of the 
trees in the 1908 photograph (PL CVII, B), shows a great crevassed dome of clear ice, in- 
dicating that a new advance was then in progress, this being also shown by the advance 
of the glacier margin as measured by Grant. The thickening between 1905 and 1908 
cannot be determined closely, for we do not know how much lowering by ablation there 
was after 1905 and before the 1908 advance began; but it was evidently not less than 
fifty or seventy-five feet, and may have been much more. This 1908 advance con- 
tinued into 1909 and 1910, being observed by Grant in June (PL CVIH, A) and by the 
National Geographic Society’s expedition in August, 1909, and on our two visits in 1910. 

Thickening and forward movement of this part of the termmus is also shown by 
comparing Gilbert’s 1899 photograph from the 1497 foot station (I) on the hillside to 
the east with our own taken in August, 1909. Projecting the terminus in the two pho- 
tographs forward against the islands north of Heather Island it is evident from Gilbert’s 
map that the net advance in the leist ten years is approximately five-sixteenths of a 
mile or about 1600 feet. It is not known how much of this was between 1899 and 1905 
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and how much between 1905 and 1909, nor how much should be added for readvance 
after continuation of the retreat that was in progress in 1899. Between August, 1909, 
and July, 1910, there was additional advance here of about 165 feet, followed by addi- 
tional advance from July to September, 1910. As the advance on the western margin 
is at least 1700 feet an advance of over 1600 feet near the middle of the glacier during 
this decade is not abnormal. It suggests, of course, that there was similar greater re- 
treat and readvance on the north of islet Heather Island and that the table based on 
Grant’s measurements, should be amplified as follows: 


Date of Observation 

Nature of Change 

Unknown date to 1892 (probably) 

Advance 

1892 (probably) to July 25-7, 1899 

Retreat ^ 

July 25-7, 1899, to unknown date 

Retreat continued 

Unknown date to second unknown date 

Advance 

Second unknown date to July 10, 1905 

Retreat 

July 10, 1905, to third unknown date 

Retreat continued 

Third unknown date to July 15, 1908 

Advance 

July 15, 1908, to June 24, 1909 

Advance continued 

June 24, 1909, to August 28, 1909 

Advance continued 

August 23, 1909, to July 4, 1910 

Advance continued 

July 4, 1910, to September 5, 1910 

Advance continued 


The East&m Ice Cliff. The eastern ice cliff of Columbia Glacier ex±ends from the 
morainic islet in the cove, described above, northeastward to the mainland. It is a 
mile and a quarter in length, very sinuous, and rises approximately two hundred feet 
above the water in a pinnacled and crevassed cliff whose white or blue clearness is not 
obscured by morainic load except for certain black basal layers and a lateral moraine 
strip on the east near where the glacier reaches the mainland. This eastern cliff changed 
very decidedly from 1909 to 1910. In the former year it was almost exactly as in 1899, 
1905, and 1908; evidently rising out of shallow water and resting on bottom, for, al- 
though the cliff was precipitous, there is no great activity of iceberg discharge. All the 
bergs were small, and all were apparently discharged by sliding down the ice front. 
Photographs taken from Gilbert’s 1497 foot station (I), on the hillside to the east show 
that this part of the eastern ice cliff advanced slightly between 1899 and 1909. 

In 1910 the ice cliff had advanced 150 or 200 feet more, pushing up a terminal mo- 
raine in front of it so that except in the western half mile no part of the eastern ice cliff 
ended in tidewater. Even the western portion did not reach the bay proper but ended 
in a cove, for the tidal cliff is fronted by the low barren islet previously alluded to. Here 
the water is evidently deep and small icebergs are occasionally discharged. The water 
in front of the eastern half of the cliff is shallow, being only 57 feet deep at a distance 

1 Perhaps inteirupted by a alight readvance, about 1897 or 1898, suggested by the small iimer push moraine 
observed by Gilbert in 1899 on the western shore of the bay, on the islet north of Heather Island, and on the 
mainland to the east. The fluted ground moraine beside Heather Island terminus also suggests an advance 
between 1892 and 1899, as Gilbert says (Op. dt., p. 78). 
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of a half mile, and even shallower near the glacier, which has therefore been able to 
plough up the mud of the sea bottom into the new terminal moraine that rose above 
the bay in 1910. In this eastern half, therefore, no icebergs were discharged, as was 
the case in 1909, and a few streams flowed into the jbay across the mud moraine. Only 
on the extreme eastern edge of this ice cliff was the new terminal moraine made up of 
anything but mud. There the beach gravels were being pushed up into a ridge 200 
feet long, 130 feet wide and 20 feet high, and filled with mussel and other shells, with 
barnacles attached to pebbles, and with seaweed. In front of this push moraine were 
three folds of the compact clay, forming ridges parallel to the front of the moraine 
against which the ice was advancing. The one nearest the push moraine was breached 
axially at the crest. 

Between July 2 and September 6, 1910, there was sufl&cient advance along this margin 
of the glacier to dam back a portion of the tide flats of early summer into a small lake. 

The Lobate Eastern Margin. The eastern margin of Columbia Glacier is a sinuous 
lobate terminus ending on high and low land of the alternating rock hills and plains. 
Along thifl eastern margin Gilbert described phenomena in 1899 similar to those which 
he observed on Heather Island. ‘‘There was an inner push moraine, chiefly or wholly 
of drift and running parallel to the ice margin. There was an outer push moraine, less 
regular in its distance and associated with disturbance of the forest and the meadow 
peat. In the tract between the two many prostrate trunks were seen, showing that 
in places the front of the forest had been crowded back several hundred feet. Many 
of the trees that were overturned but not overridden, retained their bark, branches, and 
even minor twigs, but the leaves had fallen. On disturbed forest soil CoviUe found 
three young spruces which had grown since the catastrophe. In each case the age, 
as shown by rings of growth, was seven years. The date of the ice maximum was there- 
fore not later than 1892 and may have been that year.” 

We do not know the behavior of this margin during the earlier oscillations described 
for the Heather Island and western termini. Advance had taken place here before 
June, 1909, however, for Grant states that ‘*on the eastern edge of the glacier there was 
a zone of perhaps 200 feet between the maximum advance in recent years into the forest 
and the front of the ice.” ^ 

On August 24, 1909, the National Geographic Society’s expedition was able to com- 
pare the exact conditions along the lobate margin with those ten years before. We 
climbed the spur east of the glacier to Gilbert’s plane table and photograph station 
(Sta. I), at an elevation of 1497 feet; and we also walked some distance along the 
marginal stream and lake southeast of the glacier, but did not walk over any of the 
glacier edge itself. 

On comparing the photographs from this spur taken by Gilbert on June 26, 1899,* 
with the conditions on August 24, 1909, we found the following changes. At the margin 
of the eastern ice cliff there was an advance southwestward into the bay which we esti- 
mate to be between 1000 and 1500 feet. There was a broadening of the glacier by sev- 
eral himdred feet, as also shown by Grant’s observation in June, 1909, but in August 
the ice margin had as yet not extended to the maximum of 1892. In places, however, 
it was within a short distance of the forest. 

^ Peraozial comnmnication. 

* H^roduced aa Plate IX, Harriman Alaska Expedition, Vol. m, 1904. 
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The lobate ice margin spreads out in tiie depressions between a series of rock bills 
along the eastern margin and rides up on the sides of the hills. The position of the 1892 
advance was clearly marked along this whole margin but the ice did not extend quite 
up to the windrows of prostrate and inclined trees, though since 1899 it had advanced 
several hundred feet and overridden the sites of several small ponds. 

During the last week in June and the first week in July, 1910, we observed the con- 
ditions along this lobate east margin in detail. There had been an advance of two or 
three hundred feet so that the ice was up to or just beyond the 1892 maximum, having 
completely covered the barren zone. 

Just east of the terminal moraine that fronts the eastern ice cliff, which was tidal ten 
months before, was an area of low 
treeless morainic hills made up of 
glacial deposits, in places resting 
upon rock ledges. In 1910 the 
glacier was ploughing forward in- 
to this deposit and had developed 
a series of minor lobes. There 
was no pronounced terminal mo- 
raine at the ice edge but there 
was a low push moraine, two or 
three feet high in places. The 
glacier was evidently crowding 
the whole deposit forward against 
the rock slope to the southeast. 

Locally near the ice edge folds of 
peaty material had been rolled 
up, but throughout most of the 
area, there was no covering of 
peaty soil upon the glacial till 
and, therefore, no folding. 

The mass of till had been pushed 
forward against the rock slope to 
the south and had then bulged 
upward, damming back the stream into a new lake (Fig- 34), at whose outlet there 
was a foaming waterfall 10 feet high in June, 1910, where there was none in August, 
1909. This lake rose high enough to submerge trees, shrubs, moss, and turf that in the 
fall of 1909 were growing high above the water. Other evidence of the bulging upward 
of this till mass was the presence of marine shells and seaweed on top of a hillock beside 
the waterfall, 24 feet above high tide. These shells were within the reach of the tide 
ten months before, for at high tide in 1909 salt water went up the river a quarter mile 
above the site of the waterfall of June, 1910. It was a narrow estuary at high tide and a 
narrow stream at low water. 

The surface of this whole disturbed area was gashed by gaping cracks, most of which 
were shallow, due to the compression and upward swelling of the till mass under the thrust 
from the advancing glacier. A majority of the cracks extended at right angles to the 
front of the glacier, that is parallel to the direction from which the strain was being 



Pig. S4. Portion or Lobatb Eastern Margin ot Coloubia 
G iiACiEB, Showing New Lake Eobbced Between Aitgubt, 
1909, AND June, 1910. 


This is on site of "large glacial river’* on Grant and Higgins 
map (Fig. 81} made in June, 1909. At a was an abandoned 
river course 24 feet above high tide in June, 1910, and marine 
fossils were found on top of hill. Dotted lines enclose area of 
cracks near waterfall where advance was pushing up a dam of 
glacial till in 1910. 
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applied. Many of them were merely due to the cracking of the thin, grassy cover of 
the till, and across quite a number still extended fine threads of grass roots which had 
been drawn out as the turf on either side was stretched and broken. The whole 
arrangement was characteristic of an expanding mass whose turf cover fitted it 
before the strain was applied but which had since bulged upward so that the turf 
covering was too small. 

Over the top of the ^-foot hillock which dammed back the lake ran the abandoned 
channel (a, Kg. 84) of the marginal stream of 1909, its site marked by rounded stream 
gravels and by the absence of vegetation. In late June and early July, 1910, the stream 
course at the outlet of the lake was at the outer edge of the till mass where it was being 
pushed up against the mountain side. 

It was also evident that there had been several minor lake stages preceding the current 
one, for on the lakeward slopes of the £4-foot hillock were minute, abandoned shore- 
lines. They were not horizontal, however, but inclined. 

The continuation of this crowding forward of the till dam resulted in several changes 
in drainage and topography along this part of the glacier margin between July 2 and 
September 6, 1910. Several of the minor lobes advanced 20 to 40 feet and there was 
much more fracturing of the turf than in July, the turf was being pushed out into the 
river just below the falls where there was only a mud shore in July, the course of the lake 
outlet was changed, tlie ten-foot waterfall of early summer being abandoned, the lake 
level had been lowered slightly by the downcutting of the new outlet which had two 
channels instead of one. These channels had cut away a large part of the 24-foot hillock, 
destroying portions of the abandoned 1909 stream course, and the new waterfalls were 
only 5 or 6 feet high. 

The site of Gilbert’s 1899 photograph of the glacier margin described on p. 276 was 
immediately north of the marginal lake just described. In June, 1910, the ice had ad- 
vanced clear to the 1892 maximum, several of the prostrate trees killed at the earlier 
date being still recognizable; but by September they had been overridden. Along this 
portion of the glacier margin the windrows of dead trees killed in 1892 were still undis- 
turbed in August, 1909. They lay in regular piles, generally with their tops pointing 
away from the glacier. In June, 1910, the ice had advanced up to many of them and they 
were heaped up in irregular masses, forming a tangle of wood, turf, and rock d4bris in 
one place 75 or 100 feet high. 

The changes along this margin of the glacier will not be described in detail, although 
shown in several photographs. It is enough to say that there were great changes from 
August, 1909, to June, 1910, and from then to September, 1910. The changes varied, 
depending on whether the ice was ploughing up turf or forest, and whether it was ad- 
vancing up a hillslope or down a declivity. All of the barren zone which Gilbert described 
in 1899, was overridden in 1910, so that forest not touched in 1892 was then being de- 
stroyed all along the margin, excepting possibly on a terminal moraine described later. 

There were two lower lakes along the eastern margin of Columbia Glacier. In 1909 
the lower or westernmost and smaller of these extended eastward from a low waterfall 
over a rock ledge a quarter of a mile east of the till dam pushed up in 1910. Below this 
there was no lake in 1909, and as already stated, tidewater then extended up to these 
falls, three quarters of a mile from Columbia Bay. The till dam of 1910 made a new 
lake, both longer and deeper than the older one, covering the site of it and of the low water- 
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fall alluded to. In 1910 the edge of the advancing glacier extended into this new lake 
in two lobes a short distance apart. 

At the western end of the upper and larger lake, which remained unchanged in 
1899, 1909, and 1910, there is a higher waterfall over rock. In this upper lake the glacier 
margin turns from its northeast trend and continues northwestward. Here the 189* 
maximum was marked by a low crescentic moraine from which the glacier had retreated 
so far in 1899 that there was a line of crescentic pools between the moraine and the ice 
front. The readvance at this point in 1909 had extended out across the site of these 
pools and nearly out to the 189* terminus. We estimated the advance in this lobe to 
be nearly a quarter of a mile. Between August *4, 1909, and Jime 30, 1910, the continued 
advance of this lobe carried it out about 300 feet and there was a lateral spreading east- 
ward of 330 feet. The 189* moraine was completely overridden in places, so that the 
ice extended into the lake in three minor lobes where none reached the water ten months 
before. This was also true in another minor lobe to the southwest. An interesting 
little delta, evidently built in this lake in 189* when the crescentic moraine was made, 
shows in Gilbert’s 1899 photograph as a small abandoned delta with no streams except 
the small outlet of a marginal lakelet. In August, 1909, the ice extended nearly up to the 
delta, though not far enough to send streams across it; but in June, 1910, the advance 
had brought the ice up to it, and outwash streams were once more building it forward 
into the large lake. 

Along the more distant lobes, that project against the forested rocky knobs still farther 
northward, holding marginal lakelets there, the ice seemed in 1909 to extend right up to 
the forest and had apparently quite equalled in extent the earlier great advance in 189*. 
In 1910 there had been additional spreading of the glacier so that several of these lobes 
had advanced *00 to 400 feet into the forest. 

Along this lobate border there were many modifications in 1909 and 1910. The 
glacier had thickened, crevassing had sliced up ice that was smooth in 1899, and the 
distribution of moraine upon the margin had changed somewhat from 1899 to 1909. 
Although there was more crevassing in 1910 than in the previous year the distribution 
of marginal ablation moraine was about the same. 

The great lobe, or distributary, east of the nunatak, underwent no appreciable change 
from 1899 to 1910 and we assume that it still coalesces with the main glacier below the 
nunatak, as Palache observed in 1899. We saw this distributary from too great a dis- 
tance to be sure as to the detailed conditions in 1909 and 1910, but, as the topographic 
map shows, it touches the maia glacier but contributes no ice to it. 

The drainage of the eastern margin of Columbia Glacier shows an interesting alter- 
nation of complex conditions. The streams emerging from the eastern glacier distrib- 
utary, joined by the drainage from the eastern margin of the main glacier south of the 
big nunatak, and by smaller streams from small mountain glaciers on the east, flowed 
southward into a lake among the rocky hills east of the main glacier. This lake was 
nearly filled by a delta of outwash gravels which grew forward appreciably between 1899 
and 1909. From this upper lake the marginal stream flowed southward through the 
rocky, forested hills east of the glacier into the long, crooked, upper lake. The main 
mountain wall formed one shore of this lake, and the moraine bordering the minor glacier 
lobe that advanced a quarter mile between 1899 and 1909, formed the other. Into this 
muddy lake flowed numerous turbid streams from the glacier, some of which built deltas. 
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Below this lake the stream course was partly margiaal to the present ice sheet for a 
short distance, then came several sections in broad gorges through the drift and rock with 
some waterfalls, alternating with broader, lake-like sections where only the outer moraine 
separated the stream from the present ice edge. Here the lobate eastern margin of the 
glacier formerly forced the stream into marginal channels across rock spurs, making lakes 
above the spurs and rapids on the rocks, and these conditions still lingered, though the 
stream had cut somewhat in the rock. Below the westernmost gorge the stream emerged 
into a muddy tidal estuary which branched from the bay east of Heather Island in 1909, 
while across a part of it in 1910, the advance of the glacier had formed another lake with 
a till dam, as already described. 

The Main Glacier Surface. Columbia Glacier suxf^e slopes about 150 feet to the mile. 
The glacier margins discussed in the preceding pages represent only the outermost por- 
tions, and do not include those in the upper part of the glacier at a distance back from 
the sea. These portions of the glacier, and the low grade, main glacier surface, we saw 
only from the crest of Heather Island and from the 1497 foot station southeast of the 
glacier. The conditions can be described fairly well, however, for the viewpoints were 
comprehensive and we were able to write notes and take photographs from stations at 
which similar records had been made ten years before. 

The main glacier surface was impassably crevassed in each of the periods of observa- 
tion, though it was more severely crevassed in 1909 and 1910 than ten years before, and 
on the east side there were one or two ice steps with especially severe crevassing. The 
changes in the medial and lateral moraines, and in crevassing within them, are the most 
important differences between the 1899 glacier surface and that which we saw, for the 
changes accompanying the thickening and spreading of the margins were not determin- 
able in the main glacier back of the frontal portion. 

Gilbert has described the conditions in 1899 as follows:^ 

“Opposite the great nunatak were two medial moraines, one passing within a half mile 
of its base, the other lying about one mile from the opposite edge of the glacier. A central 
tract two miles broad was practically drift-free. Toward the end of the glacier this 
central tract broadened, the medials swinging toward the sides, until finally the white 
belt was three miles wide. As the medials diverged they also broadened, and they even- 
tually merged with flanking moraines, so that near the end, especially on the east side, 
the areas of drift-covered ice were very wide. The marginal belt on the west, instead of 
continuing northward parallel to the medial with which it was associated, was seen to 
curve about into the western embayment, as indicated on the map, and a belt seen from 
a distance near the north edge of the embayment was supposed to be its continuation, a 
loop being made within the embayment. As the ice in the embayment descended toward 
the west, it is evident that the morainic loop could not at that time represent a line of 
continuous flow, for we cannot suppose the ice to flow into the embayment on a descend- 
ing course and then return on a parallel ascending course. It is therefore probable that 
the moraine was formed as a comparatively direct line, of drift, following the course of 
the main current at a time when no current entered the embayment. The inference that 
a change has occurred naturally leads to inquiiy as to the precise nature of the antecedent 
condition of the glacier. On the one hand, the embayment may have been so full of ice 
that the surface gradient was outward; or, on the other, the glacier of the main valley 

» Op. cit„ pp. 74-5. 
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may tave had so low a surface that there was no tendency to overflow to the compara- 
tively shallow side valley. 

“The first case implies snow accumulation in the embayment a few decades ago at a 
rate not since maintained, and would correspond to a general expansion of glaciers fol- 
lowed in later decades by contraction; but the relations of the ice to the forest, to be 
described presently, show that such contraction has not taken place. The second case 
implies a general expansion of the glacier as the important element of its later history. 

“Another medial moraine of the great ice field north of the nunatak passed just east 
of the nunatak and continued down the eastern arm of the glacier to its end, where it 
contributed toward the building of a great alluvial delta which was gradually obliter- 
ating one of the lakes.’* 

In 1909 the band of clear ice between the east medial and the lateral moraine was nar- 
rower than ten years before, as if advance in midstream had crowded it over. The same 
thing seemed to be true of the whole broad east moraine below the junction of the medial 
and upper lateral moraines. Where it had been smooth in 1899, this broad lateral mo- 
raine was in 1909 severely crevassed throughout, and some dfibris had fallen into the cre- 
vasses; but the contact of clear and crevassed ice was as sharp as ever and the lateral 
moraine belt was narrower. We, therefore, infer lateral spreading of the area of clear 
ice in the interim. In 1910 this lateral spreading and crevassing had increased slightly, 
but there was only a Httle more white ice on this east side than the year before. 

The moraine on the distributary east of the large nunatak, was slightly more extensive 
in 1909 than ten years before; but since snow covered it in June, 1910, we cannot tell its 
condition then. The apparent change from 1899 to 1909 may be due in part to more 
snow on this upper part of the glacier during Gilbert’s June observation than at the time 
of our observations in August. This ice tongue is much less crevassed than the main 
glacier, although it has a steeper grade. It has scattered d6bris upon its eastern and 
terminal margins, less than in 1899, but the western side has a broad lateral moraine, 
apparently heavier than ten years ago, which seems to be made up partly of marginal 
d6bris from the large nunatak, but chiefly of material carried by a medial moraine from the 
main upper glacier. Near the northern end of the nunatak this medial moraine joins 
the lateral moraine, which had broadened and extended farther out into the ice in 1909 
than ten years before. This extension is perhaps due to ablation near the warmer land. 

On the western margin of the glacier we were unable to look far enough into the souther- 
most embayment to see whether the moraine still bends into it, as observed by Gilbert 
and shown upon his map. There seemed to be a marginal lake with icebergs on the north- 
ern, side of this embayment in August, 1909 . On June 30, 1910, th is lake had been drained, 
its site being marked by heaps of tmnbled icebergs which had gone aground when the 
water was drained out beneath the main glacier. 

In both this embayment and the one next north, the grade is so flat that it could not 
be determined from our remote viev^oint, whether the grade was reversed, as inferred 
by Gilbert, or whether these are debouchures of tributaries. 

Still farther to the north and northeast the main glacier receives a number of accord- 
ant, hanging, and cascading glacier tributaries; but the absence of pronounced medial 
moraines away from the margins of the glacier indicates that though many of these are 
good-sized glaciers, they are all relatively small and unimportant compared with the 
main ice tongue. 
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Olacial Erosion. A sounding a little over a quarter mile from the terminus of Columbia 
Glacier showed 600 feet of water, indicating clearly that the ice front is not afloat. It 
is, therefore, grinding actively upon the bottom of the fiord. Other soundings (Pig. 35) 
show clearly that it has not been afloat at any time when it extended farther south in 
Columbia Bay, the depths of water increasing gradually from 600 feet near the ice front 



Fig. 85. Submahini] Contoubs in Front of Columbia Glacibir. 


to 906 feet at a distance of miles and 1020 feet five miles from the ice front at the 
entrance to Prince W il li a m Sound, the slope being unifornily about 250 feet to the mile. 
As the so unding s, a half mile apart, show no interruptions in this even grade it is evident 
that there has been no significant basining of the fiord bottom. This would be normal 
in a straight section of fiord without constrictions of the side walls. In the narrower 
cha nn el east of Heather Island the water is 57 feet deep a half mile south of the east ice 
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cliflE and the water also deepens uniformly southward but at the rate of only 98 feet to 
the mile, the depth 3f miles from the glacier being 426 feet (Fig. 35). 

The cross section of the fiord (Pig. 30) is of a very broad U-shape, with broad flat 
bottom, typical of glacially-sculptured troughs. 

There are submerged hanging valleys on each side of the main fiord, the channel east 
of Heather Island hanging 474 feet above the bottom of Columbia Bay, while the smaller 
Granite Cove, at the entrance of which the water is only 18 feet deep, hangs 756 feet. 
There are also hanging valleys above sea level, one about half way between Granite Cove 
and Columbia Glacier, on the west side of the fiord, hanging 300 feet above the level of 
the water, which is here nearly 700 feet deep in midchannel. The whole western slope 
of the fiord is much over-steepened by glacial erosion, having a slope in many places of 
over 4000 feet to the mile, with sheer precipices in places and with much bare rock. 
Cirques, hanging valleys, roches moutonn6es forms, over-steepened lower slopes, and 
truncated spurs are also abundant in the mountains on the eastern side of the fiord, but 
this side has been less sharply eroded than the western. Glacial striae are rarely seen in 
Columbia Bay, for soil and moss mask most of the rock ledges. 

Glacicd Deposits. Glacial deposits form no conspicuous features near Columbia Glacier, 
and there are no submerged deposits suggestive of moraines in the bay. Heather Island 
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Fig. 86. NAToaAii Scaud Cross-Section or Columbia Bat Showing Submerged Hanging VAiiLETS. 

is a rock hill, thinly veneered with ground moraine. North and east of Heather Island, 
however, there are extensive mud flats made by deposits from glacial streams, and through 
these are scattered striated bowlders carried out by icebergs. It is impossible to tell to 
what extent similar deposits occur in the deeper waters where the heights of submerged 
hanging valleys may, therefore, be considered as giving only a miniTniTTn measurement of 
glacial erosion. The lakes in the valleys southeast of Columbia Glacier may be due 
either to glacial obstructions or to basining by sculpture of tributary ice tongues. In 
the marginal lakes immediately adjacent to the ice there are some glacial deposits, among 
which the outwash plain of sand and gravel built by the stream from the large glacier 
distributary on the east is conspicuous. It is over a mile in length. 

The lowland next the bay, over which the lobate eastern margin of the glacier was 
beginning to advance in 1910, is the only extensive area of terminal moraine in the region. 
It is five-eighths of a mile long, an eighth of a mile or less in width, and has the sharp un- 
dulating knob-and-basin topography (PL CXH, A) typical of many terminal moraine areas 
in the United States. There are a score or more of small ponds in the kettles. Most of 
the area is covered only by grass, but the parts farthest from the glacier have very small 
strips of matmre conifers with dead trunks heaped up along a push moraine at the border 
of the westernmost clump. As Grant and Higgins have pointed out ^ the shrubs on the 
grassy moraine surface are not over 20 years of age, or thereabouts, but we do not agree 

^ Grant, IT. S. and Higgins, D. F., Glaciers of the Northern Part of Prince William Sound, Bull. Amer, Geog. 
Soc., Vol. yr.TT, 1910, p. 729 and Fig. 8. 
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with, them in believing that vegetation does not gain a foothold almost at once on areas 
uncovered by glacial ice where unconsolidated deposits are present and seeding possible. 
They have estimated that this advance took place 50 years or so ago, while we are more 
inclined to ascribe the building, or at least the last modification of this moraine, and the 
destruction of these trees, to the advance that occurred about 1892 or to an earlier ad- 
vance only a few years before that date, and certainly not as long ago as 1859. 

A section revealed in this glacial deposit by a wave-cut cliff near the western end shows 
the following succession, indicating at least two advances here. 

Section' of Glacial Drift near Columbia Glacibb 

Present surface, with morainic topography and growing shrubs. 

Till, with blue clay and angular, striated stones. 

Trunks of trees, and cones and fragments of bark. 

Till, with large angular glaciated bowlders. 

Bedrock, with glacial striae. 

The lower till surface was an undulating one, evidently produced by irregular erosion 
of the lower till mass. 

Former Stages of Columbia Glacier. There are many facts to prove that Columbia 
Glacier is now far less extensive than formerly, and that at an earlier stage it was a tribu- 
tary of the great Prince William Sound glacier. Near Columbia Glacier the cirques, 
hanging valleys, roches moutonn^es hills, over-steepened lower slopes, truncated spurs, 
the generally rounded topography produced by glacial sculpture, and the glacial deposits 
testify to this former expanded stage of glaciation. How thick the ice was at maximum 
has not been determined exactly. Heather Island, 357 feet high, was glciciated to the 
top. The mountain spur southeast of the ice tongue was glaciated as high as we climbed 
it, the elevation of the photographic station at timber line there being 1497 feet. From 
a distance the great nunatak has the rounded appearance of having been glaciated clear 
to the top, 3664 feet, though this is not certain. Gilbert places the height of glaciation 
in Columbia Bay at 4000 feet.^ 

Between this great maximum and the present stage of expansion, and with unknown 
intermediate episodes, there has evidently been notable recession of the glacier, proved 
by forests upon the mountain spurs above the upper glacier for a distance of at least six 
or seven miles from the present terminus, and upon the lower slopes of the great nunatak. 
It is conceivable, though hardly probable, that the forest may have migrated to the 
nunatak along the eastern ice margin with the glacier as expanded as now; but it is much 
more difficult to believe that the forest on the western side has migrated so far up the 
margin of a clear ice glacier. The farthest trees seen were on the northern side of the 
second embayment, or tributary, on the western side of the glacier. They seemed to be 
spruces. The greenish tint of the lower slopes beyond the next tributary suggested 
vegetation there, perhaps shrubs like the alder, but no trees could be detected with the 
field glasses. This last locality is over ten miles from the present ice front. Gilbert 
interpreted the bending of moraines into the first embayment as evidence that the 1892 
maximum was preceded by an important minimum,^ and we are inclined to interpret 
this distribution of forest in the same way. Grant and Higgins have inferred a retreat 

1 Op. dt., p. 174. 

9 Op. dt., p. 80. 
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previous to 1892, though not necessarily of more than a mile, on the basis of the marine 
shells close to the ice front, assuming that these sea forms would not thrive in such cold, 
milky water.^ 

That the glacier has not recently been as far out as in 1892 and 1910, is proved by the 
extension of mature forest with trees at least 75 to 100 years old, up to the very border 
of the ice. Peat three or four feet thick has accumulated in grassy glades on hilltops 
and flattish ground, while living trees grow only on rock or other drained elevations and 
along stream courses, dead trunks standing where overwhelmed by the thickening tundra 
masses. These relationships of vegetation, which require time for their establishment, 
are found in Prince William Sound but not in the Yakutat Bay region, where the glaciers 
were recently much more expanded. Into these vegetation areas the advancing ice of 
1892 and 1909-10 plowed its way. 

Perhaps, as Gilbert suggests, the important miniTniiTn of Columbia Glacier that pre- 
ceded the 1892 advance occurred in the nineteenth century, when PetrofiF does not men- 
tion a tidal glacier in Columbia Bay, though he does assign one to Port Valdez. As we 
have attempted to show in oixr preceding discussion of the subject, there are grave rea- 
sons for doubting the existence of a large tidal glacier in Port Valdez fiord at the time 
Petroff mentions. 

Within a year or so of 1892 Columbia Glacier had an important advance, since which 
there have been two periods of retreat and two of advance, the last of which was still in 
progress in 1911. 

The cause for these recent oscillations is not known. They may be climatic or they 
may be due to earthquake avalanching. If the latter is the cause, we should be inclined 
to ascribe the advances to avalanches during earthquakes in the Chugach Mountains, 
not to the Yakutat Bay earthquakes of September, 1899. Both climatic and seismic data 
are too meagre for settling this question, but in 1907-08 there was a 148 inch increase of 
snowfall* at Valdez, 25 miles to the east, (from 299 inches in 1906-07 to 447 inches in 
1907-08). The 1906-07 snowfall at Valdez seems to be below the normal amount. It 
decreased to 187 inches in 1904-05. There was a 387 inch increase in snowfall at Valdez 
(Port Liscum) during the winter of 1901-02 (see table at end of Chapter XV). On the 
other hand, there were severe earthquakes in this part of the Chugach Mountains in 
May, 1896, August, 1898, October, 1900, March, 1903, and February, 1908. 

Since the 1892 advance, whose cause we will not discuss, the first of the recent advances 
came between 1899 and 1905, and may have been due to the 1896 or 1898 or 1900 earth- 
quakes. The advance which was in progress at the time of our visits in 1909 and 1910 
probably began in 1907 and 1908 and may have been caused by one of the preceding 
earthquakes, or, as already suggested, it may be that both advances were caused by varia- 
tions of snowfall or of temperature. In the latter case other adjacent glaciers should 
have advanced and retreated, for notable temperature variation can hardly be as localized 
as precipitation may be. 

In view of the limited data at hand it is not profitable further to discuss the cause of 
the fluctuations of Columbia Glacier, though we are convinced that it is well worth while 

1 Grant, U. S. and EGggins, D. F., Glaciers of the Northern Part of Prince 'William Sound, Bull. Amer. Geog. 
Soc., Vol. XLn, 1910, pp. 729^31.. 

> Martin, Lawrence, Zeitscbnft fUr Gletscherkunde, Band 'VIl, 191S, pp. 28-Sl. 
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to call attention to the possibility of explaining them by earthquakes. There is, however, 
one very notable difference between the oscillations of Columbia Glacier, and the advance 
of the Yukatat Bay glaciers in response to the 1899 earthquakes. The latter advanced 
spasmodically and rapidly, they were transformed in a few months’ time, and the ad- 
vances were short lived; the Columbia Glacier has moved more slowly, continuing its 
advance a longer time and gradually increasing its. rate of forward movement from nine- 
tenths of a foot a day in 1908 to 2l*ir feet a day in 1910. This less abrupt change is 
more like that of the glaciers in regions like the Alps, where climatic ffuctuation is as- 
signed to explain the advances and retreats. Even this difference, however, need not 
eliminate the earthquehe theory, for the rate and extent of the advance in response to 
eai^quake shaking would normally vary with the intensity and duration of the shaking, 
as it would with variation in the amoimt and duration of a climatic change. Such spec- 
tacular response as has been shown by the Yakutat Bay glaciers is hardly to be commonly 
expected. We believe the earthquake theory a possible and rational explanation of the 
recent fluctuations of Columbia Glacier front; but, as between it and the climatic theory, 
we have no facts upon which to either eliminate the one or establish the other. 



CHAPTER XV 


THE GLACIERS OP UNAXWIK rNTLET AND COLLEGE FIORD 

Unakwik Inlet 

Oeneral Topography, Unakwik Inlet is a large fiord west of Columbia Bay. It is 
about 20 miles long, trending north and south, and having an average width of about 
2 miles. On the west side of it are Jonah Bay and Siwash Bay, and on the east is a 
large cove, at the head of which is Miner’s River. About 2 miles from the head the 
inlet narrows to a half mile and turns at right angles nearly eastward. Here it is ter- 
minated by a large ice tongue, Meares Glacier, the only glacier in this fiord which reaches 
tidewater; but Brilliant Glacier, Ranney Glacier, and a number of smaller ice tongues 
are visible from the inlet and send streams down nearly to it. 

Meares Olader, This ice tongue (Fig. 37), which has a known length of about 6 
miles, is made up of two smaller glaciers (PI. CXII, B) which unite a mil e and three- 
quarters from the terminus. It is a clean white ice stream, severely crevassed throu^- 
out its visible extent, and carrying one rather-weak medial moraine, which comes from 
the jimction of the two chief tributaries, and is pushed over so near the south side of 
the glacier that the north tributary is shown to be larger and more vigorous than that 
from the east. There is a strong lateral moraine on the north side but none on the 
south. At tidewater the glacier has a width of one mile, and a terminal cliff over 200 
feet high, from which so many icebergs are discharged that, at the narrows in Unakwik 
Inlet it is usually difficult to force a boat through them. There are several veiy pretty 
cascading glaciers on the mountain slopes near Meares Glacier. 

The first known description of Meares Glacier was made in 1790 by the Spanish 
explorer Fidalgo, who did not name the glacier, but on the chart of the SutU y Mex- 
icana called Unakwik Inlet by the name Puerto de Revilla Gigedo. Don Francisco 
Eliza, the commander of this expedition, refers to the glacier as “Volcan de Fidalgo.” 
Fidalgo’s description of the region as he saw it on June 15, 1790, quoted by Davidson 
from a manuscript, is as follows: ^ 

“So soon as they arrived at the mouth of a sheltered harbor, almost at the northern- 
most part of the bay, they observed the latitude to be 60° 54', and heard many sub- 
terranean explosions or thunderings which increased as the sun approached the me- 
ridian. Conducted by their Indian guides to the interior of this harbor, they discov- ’ 
ered in its depths to the north, a great level tract of snow which came to the water’s 
edge, and ended at the base of the high mountains. Hardly had they seen this, when 
they noticed that with each subterranean roar a mass of snow was thrown up from 
the center of the plain about half the size of the launch; fearful lest they should be 

» Davidson, George, The Glaciers of Alaska That are Shown on Husaian Charts or Mentioned in Older 
Narratives. Trans, and Proc. Geog. Soc., Pacific, Vol 8, 1904, pp. 32-33. 
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overwhelmed or destroyed in this port, they did not continue their examination of 
that phenomenon, which is undoubtedly worthy the attention and investigation of a 
naturalist.” 

Unakwik Inlet was visited by Lieutenant WHdbey of Vancouver's expedition on 
June 9, 1794, the description being as follows: ^ 

“This arm was found to take a north direction, in general about a league wide, and 
to terminate at the distance of about four leagues, at the foot of a continuation of the 
range of lofty mountains before mentioned. Its upper parts were much incumbered 
with ice, as were both the eastern and western sides with innumerable rocks, and some 



Fig. 87. Msabss Gla.cixb, Unakwik Inlbt, in 1910. 


islets.” The mention of ice in the upper part of this bay shows that Meares Glacier 
stUl reached tidewater in 1794, though Whidbey probably did not go far enough to 
see it. 

In 1905 and 1909, U. S. Grant went to the head of this fiord, and in the latter year 
Grant and Higgins mapped the inlet and glacier, which th^ named.* They show that 
Meares Glacier is nearly twice as long as was indicated on previous maps,* heading 

1 Vancouver, George, A Voyage of Biscoveiy to the North Pacific Ocean and Around the World, Vol. V, 
London, 1801, p. 816. 

* Grant, U. S. and EQggins, D. F., Glaciers of the Northern Fart of Prince W illTaTn Sound, Bull. Amer. 
Geog. Soc., Vol. XUI, 1910, pp, 786-738; Joum. GeoL, Vol. XI, 1906, p. 407; Bulls. 448, U. S. Geol. Survey, 
PI. n, and 879, PI. IV. 

« U. S. Coast and Geod. Survey, Chart 8560, 1909. 
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nearly as far north as Yale Glacier instead of at a point nearly east of Crescent Glacier 
in College Fiord. 

The National Geographic Society's expedition of 1910 spent July 12th to 14th in the 
study of Meares Glacier and Unakwik Inlet, also maJdng the hachure map of the gla- 
cier reproduced as Fig. S7 and the soundings shown on Fig. S8.^ 

Grant has stated ® that in 1905 “the bushes and trees were close to the ice and there 
was no bare zone, or at moat a very narrow one, visible between the ice and the forest. 
In 1909 the front of the ice seemed to be a little in advance of its position of four years 
before. At the later date near the front of the glacier on the south side was a brown 
zone estimated to be 200 feet in width. This brown zone appeared to have been caused 
by dead vegetation rather than by bare rock, and at the edge of the ice there were a 
few small trees. Close to the glacier there was a sparse forest which contained trees 
estimated to be ten inches in diameter. Hence the ice was probably as far forward in 
1909 as it has been during the last hundred years.” 

In 1910 the north edge of the glacier (PI. CXUI) had advanced slightly since the year 
before, as was shown by a comparison of photographs and by the nearly vertical ter- 
minal ice cliff on the beach, at the base of which were freshly-fallen ice blocks. Near 
the southern side we were unable to determine positively whether the glacier h^ re- 
mained stationary from 1909 to 1910, or whether there had been a slight retreat. A 
mass of ice, clinging to the. mountain side at sea level, was connected with the glacier 
in 1909, but by July, 1910, had been detached by melting. It is easy to understand 
the advance of one side of this glacier and the stationary condition or slight retreat 
of the other, in view of the fact that the tributary from the east is relatively inactive, 
while the one from the north was more active in 1910 than in the year before. 

This difference in activity of the tributaries is shown by the conditions along the 
margins of the glacier below their junction. On the south margin there was no change 
in condition during the last two years of observation, while along the north margin the 
glacier was spreading as well as advancing, everywhere extending up to the forest and 
uprooting the turf, in places pushing back into and even overriding the forest. These 
conditions were observed both at the terminus and up to the turn in the glacier. Slivers 
of ice projected among the alders and spruces and small push moraines of till and turf 
were seen. Several spruces, not yet overturned, stood at the very ice margin, here 
stained dark colored with lateral moraine. 

In the quotation given above, Grant refers to a brown zone of dead vegetation on 
the south margin of the glacier in 1909, and this was not overridden in 1910. It may 
be interpreted as the result of forest destruction during an advance of the east tribu- 
tary before 1909. One mature tree, tilted during the advance, stood at the edge of 
this brown zone and there were several yoimg shrubs at the very edge of the ice. 

The terminus of the glacier was precipitous in 1910, as if the end were in deep water, 
and at a distance of a half mile the fiord is 584 feet deep, suggesting that the end of the 
glacier is not afioat. 

We agree with Grant that Meares Glacier is probably as far advanced now as it has 
been in the last century. There is considerable forest on the mountain slope above the 

1 Martin, Lawrence, The National Geographic Society Heaearchea in Alaska, Nat. Geog. Mag., Vol. 22, 
Idllp p. 551. 

* Biil, Amer. Geog. Soc., Vol. XLn, 1910, p. 738. 
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glacier, and on its north 
side, but on the south 
side the thick forest ends 
almost exactly on a line 
with the edge of the ic^ 
there being only a veiy 
few scattered trees be- 
yond. There is some al- 
der on the spurs between 
the two tributaries, but 
no spruce. 

Ranney^ Brilliant, Pe- 
dro, and Smaller Olaciers. 
Ranney Glacier of Una- 
kwik Inlet is a cascading 
ice tongue (Fig. 37) west 
of Meares Glacier. It 
ends a thousand feet or 
more above the level of 
the fiord, as do Baby 
Glacier and several small 
unnamed ice tongues. 

Brilliant Glacier is a 
cascading glacier on the 
east side of the fiord 
(Fig. 38), of nearly the 
same size and appear- 
ance as the well-known 
niecillewaet Glacier in 
the Canadian Rockies. 
Instead of ending high 
above the fiord, how- 
ever, as the Ranney 
Glacier does, it extends 
down a steep slope nearly 
to sea level. Prom its 
terminus a stony out- 
wash plain and delta 
extend southwestward 
nearly a mile and a half 
to the fiord. In this val- 
ley bottom and on the 
delta are mature spruces. 

Nothing is known 
about previous advances 
or retreats of these small 
glaciers, though the fact 


Pig. 88. Subbiamnb Contotjbs in Unaxwik Inubt. 
Outline of coast and glaciers after Grant and Higgins. 




GIACIERS OF UNAKWIK INLET AND COLLEGE FIORD 


298 


that spruce extends up to the lips of several hanging valleys on the west side of the 
fiord iows that ice tongues have not extended out of these valleys for a century 
or more. Absence of spruce on spurs between hanging valleys may be attributed to 
snowslides. Ranney Glacier has evidently been retreating for several years because 
there is a large barren zone in front of it, marking the distance to which the glacier 
had advanced during the last maximiun. Mature alders extend up to this barren ^one, 

Pedro Glacier heads in snowfields south of Brilliant Glacier terminating 3 J miles east 
of Unakwik Inlet and sending a small stream through two lakes to the cove of Miner^s 
River. Muth Glacier, and three small ice tongues in an enormous cirque at the base 
of Unakwik Peak, terminate IJ to miles west of the heads of Jonah and Siwash Bays 
respectively. 

Glacial Modifications of the Fiord. Throughout Unakwik Inlet there is evidence of 
profound glacial erosion at a time when the Meares Glacier was much larger, receiving 
Ranney, Brilliant, Pedro and many small ice tongues as tributaries, and occupying 
all of Unakwik Inlet, forming one of the great tributaries of the piedmont glacier of 
Prince WiUiam Sound. There is also evidence of local erosion by the former tributa- 
ries of the Unakwik Inlet Glacier; for example, in the enormous cirque east of Una- 
kwik Peak which has been cut back so far as to form a narrow arr^te between Unakwik 
Inlet and College Fiord on which 
Unakwik Peak is the highest point. A 
similar narrow arr^te has been devel- 
oped between Meares and Brilliant 
Glaciers. j ; g 

The mam channel of Unakwik Inlet Natihujj ScAnB Chobs-Sbction or Unakwik 

has the typical fiord topography, that Inubt. 

is, it is straight and simple and has no Submerged hangmg valley of Siwaah Bay. 

spurs entering from either side, as a 

stream-eroded valley does. Instead, the spurs are all cut off with triangular facets and 
the fiord walls are eroded smoothly, although the width of the fiord varies from place to 
place. At the point where it is narrowest, in the turn west of Meares Glacier, one wall of 
the fiord is very much steeper than the other. As might be expected, the west wall is the 
steeper, this being the side on which the ice must have eroded most efficiently while the 
glacier was TnRldng this abrupt turn. The spur east of this curve slopes more gradually • 

The tributary valleys that enter the inlet bear various relationships to the present 
water level in the fiord. Some of them enter at or just below sea level, — ^for example. 
Miner’s River. Others end in the air and have streams which cascade down from the 
lips of hanging valleys (h, Fig. 38). Ranney Glacier is in such a hanging valley, and 
there are several others south of it on the west side of the fiord, some of them with a 
discordance of several hundred feet. There are also two han g ing valleys on the east 
of the fiord. Still other tributary valleys ore occupied by bays and it was not known 
that these were hangmg valleys until soundings were made in 1910. These soundings 
show conclusively that the hanging relationship exists in Siwash Bay (Fig. 39), 
which hangs 790 feet above the bottom of the Unakwik Inlet. Although soundings 
were not made in Jonah Bay, it presumably has the same relationship. The channel 
behind the long island just south of Miner’s River, with a depth of 126 feet, and 
the channel between the mainland and Olsen Island, at the south end of Unakwik 
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Inlet, with a depth of £76 feet (Fig, 38), show differential glacial erosion in these nar- 
row passages, for the main channel is de^er in each case. These small channels are 
analogous to hanging valleys, but are discordant at both ends. 

In general, the soundings reveal Unakwik Inlet as a U-shaped glacial trough (Fig. 89) 
with about the same vall^ slopes below sea level as above. The fiord bottom, with 
depths of 534 to 1£66 feet has a basined character, which is inteipreted as, in part at 
least, due to glacial deposits. 

The most striking of these irregularities is a barely submerged reef (Kg. 38) lOj 
miles south of Meares Glacier and just north of the mouth of Jonah Bay. At this 
point (M, Kg. 40), a reef rises 700 to 750 feet above the fiord bottom and extends con- 
tinously across the fiord, its presence being manifested at the surface by a pair of bars, 
each extending nearly half way across the inlet. Just west of the middle of the fiord, the 
channel has a maximum depth of about 15 feet at low tide, while at high tide the pair 
of projecting points is crossed by several channels. The presence of a shoal here was 
observed by Glenn in 1898 when his small steamer struck the reef in mid-channel.^ 

This shoal is thought to be a terminal moraine rather than a rock reef or a pair of 
sand spits built out from either shore, both because it rises out of deep water at a point 
where glacial erosion must have originally made the channel nearly if not quite as deep 
as it is to the north and south, and because the surface of the reef and the projecting 
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points on each side of the fiord, where not covered by sand, are made up of rocks of 
variable sizes and shapes, bearing glacial striations, and including masses far too large 
to have been transported here by any agency except a glacier. If the shoal is made up 
of morainic material from top to bottom, the presence of a moraine over 700 feet in 
height shows that the ice front must have stood at this point for a long time in order 
to accumulate so large a deposit, for the accumulation of glacial material in the water 
is thought to be very slow. At the surface the bar differs from the terminal moraine 
on the land in the absence of unassorted clay; but even though made in the maih of 
till the absence of clay in the upper portion is easily explained by the tidal currents which 
Glenn estimated to run at the rate of 10 knots an hour. These might easily have washed 
away the clay and left only the large rocks, upon which sand spits have been built from 
either shore. On the basis of this inte]i}retation the deposit may be referred to as a 
moraine bar. 

Kve miles south of this moraine, And just south of the mouth of Siwash Bay is a 
second rise in the bottom of the fiord (N, Fig. 40). It rises 156 to ££8 feet above the 
fiord fioor, although the water is 750 feet deep on its crest. It is impossible to state 
definitely whether this is a recessional moraine or whether it is a reef of more resistant 
rock which was left by glacial erosion as a result of glacial scooping just to the north. 
If the latter, the depression to the north (756 to 906 feet deep) is a rock basin produced 

1 Glenn, E. F., Reports of Explorations in the Teiritoiy of Alaska, No. XXV, War Dept., Adj.-Gen. Office, 
1899, p. 25. 
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by glacial erosion. K the low ridge, or swell, is a moraine it is an accumulation inter- 
rupting the normal slope of the fiord bottom which descends from a depth of 756 feet 
south of the Jonah Bay moraine, to 1104 feet at the entrance to tJnakwik Inlet. 

Four and a half miles north of the Jonah Bay moraine bar, and just west of tibe 
mouth of Miner’s River, is a third submarine irregularity (0, Fig. 40), interrupting 
the slope of the fiord bottom, which is 5S4 feet deep at the end of Meares Glacier and 
708 feet near Jonah Bay, with intermediate depths of over 800 feet on either side of 
the swell in the fiord bottom. The ridge near Moner^s River rises 300 feet above the 
fiord bottom to the north, and ^6 feet above that to the south; but its crest lies be- 
neath 582 feet of water. As in the last ease, it is difficult to interpret this shoal, which 
may be either an unremoved rock ridge due to basining of the fiord bottom or a glacial 
deposit. For the following reasons, it seems quite possible that it is the latter. 

Miner’s River, which is the outlet of Boot Lake and a smaller lake below it, is sup- 
plied by a stream from Pedro Glacier. At the time when Meares Glacier occupied the 
whole of Unakwik Inlet, Pedro Glacier was one of its tributaries and, as a much smaller 
glacier, should not have been able to erode as efficiently as the main ice tongue. In 
the case of the small glaciers of about the same size as Pedro Glacier, which occupied 
Jonah Bay and Siwash Bay, the inequality of glacial erosion resulted in these bays 
being left as submerged hanging valleys. The valley occupied by Miner’s River, how- 
ever, does not now have the hanging valley relationship to the main fiord, for the water 
is 384 feet deep at the head (Fig. 38), and 489 feet deep in the entrance of the cove, 
while opposite this cove, in the middle of the main fiord, the depth is only 582 feet. 
The hiUs near the outlet of Miner’s. River, however, separating Boot Lake from the 
main fiord seem to be morainic accumulations, and it is quite likely that Boot Lake 
is a former branch of Unakwik Inlet similar to Siwash Bay but separated from the 
main bay by morainic deposits. It is therefore considered possible that the Boot Lake 
valley is a submerged hanging valley of the usual kind, but that the discordance is 
not revealed because glacial accmnulations were made directly opposite the mouth, 
shallowing the water from 850 feet, or thereabouts, to 582 feet. 

Just inside the mouths of Jonah Bay and Siwash Bay are shoals, and Siwash Bay 
is deeper a mile or two back from the entrance (144 feet), than at its junction with 
the mRin fiord, where its depth is only 74 feet. In these cases also it has not been pos- 
sible to determine whether the shoals are glacial accumulations or rock reefs. 

The foregoing statement makes it clear that there is only one large accumulation in 
Unakwik Inlet which can be actually demonstrated to be, at least in part, a recessional 
moraine. This is the moraine bar rising nearly or quite to the surface in the main fiord 
opposite the mouth of Jonah Bay. The shoal to the north, near Miner’s River, is pos- 
sibly a recessional moraine while that to the south is more doubtful. If all three of 
these are morainic accumulations, however, they furnish interesting evidence of the 
intervals between halts in Meares Glacier as it retreated northward from Prince Wil- 
liam Sound to its present position. It is five miles from the southernmost moraine to 
the one at Jonah Bay, and 4J nules from there to the one opposite Miner’s River which 
is 6^ miles from the present ice front, perhaps indicating that the glacier halted long 
enough to build these deposits at rather even intervals. 

An alternate explanation of the irregularities in the bottom of Unakwik Inlet might 
be a rhythmic swing of erosion by a viscous ice body, with (1) a downward plimge at 
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the 882 foot basin opposite and below Brilliant Glacier, (2) another opposite and below 
Miner's River, (3) a third near Siwash Bay, (4) a fourth near Olsen Island (5) with 
unconsumed swells between where the ice rose after its plimge, perhaps because a cross 
current ran athwart its course where tributaries entered. 

Above sea level, in Unakwik Inlet, deposits of glacial origin are inconspicuous, usually 
forming only a veneer of glacial till on some of the mountain slopes, and the coarse 
gravel fans, where the streams from Brilliant, Ranney and other glaciers enter the fiord. 


Coast East and West of Unakweb: Inlet 

East of Unakwik Inlet the mouths of Wells and Long Bays (PL XCIII) are 1404 
and 862 feet deep respectively. The fiords between, north of Fairmount and Glacier 
Islands, are 288 to 420 feet deep. Wells and Long Bays contain no tidal glaciers at 
present, but were undoubtedly sculptured profoundly by the former ice tongues in 
them, which were tributary to the ancient ice sheet of Prince WiUiam Sound. 

Eaglek Bay, extending parallel to Unakwik Inlet just west of Pt. Pellew, is only 
miles in length. Eaglek Glacier, a small ice tongue, terminating half a mile from 
the head of the bay, was evidently once a tributaiy of the Prince William Sound ice 
sheet, for the sides of Eaglek Bay (396 feet deep) bear evidence of glacial erosion. 

Esther Passage is a narrow channel between Esther Island and the mainland, con- 
necting the east side of Port Wells with Prince William Soimd, It has a length of about 
twelve miles, a width of from less than a quarter of a mile to a mile and a quarter, and 
is very sinuous in outline. The southward-tren<^g eastern part of the passage has 
been notably modified by glaciation. Its depth, 142 feet, near where a glaciated valley 
comes in from the north, and 354 feet at the mouth, where it enters Prince William 
Sound, seems to be due to glacial erosion. Between these points is a place 552 feet 
deep, probably representing a glacial rock basin. The western part, which has a depth 
of 66 feet where it enters Port Wells, has not been much modified by glaciation. 


College Fiord 

Oenercd Description. West of Unakwik Inlet is Port Wells, which is the westernmost 
of the fiords entering Prince William Sound, and one of the largest fiords tributary to 
that body of water. Port Wells has two branches, College Fiord and Harriman Fiord, 
the latter coming in from the northwest, the former from the northeast. College Fiord, 
whose general trend is north northeast, has a total length of 24 nules, and varies in 
width from 2 to 3 miles, its walls being nearly everywhere precipitous. It has two 
indentations, both on the east side, the southernmost being a broad cove at the outlet 
of Coghill River 8 miles north of Port Wells, the second, Yale Arm, a tributaiy fiord 
3 miles in length entering College Fiord 6 ndlea south of the head. 

Harvard Glacier is at the head of College Fiord, Yale Glacier forms the head of Yale 
Arm. There are eight ^all cascading glaciers in the upper part of College Fiord, seven 
on the west side, and one on the east, and, of these, four descend the fiord wall to the 
water. In the lower part of College Fiord, there are five moderate-sized glaciers on the 
east side, including Dartmouth, Williams, Amherst, and Crescent Glaciers, all of which 
now end some distance back from the water. Beside these glaciers there are numerous 
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small ice masses on mountain slopes and in cirques, including Tommy and Cap Gla- 
ciers, south of Crescent Glacier, and scores of smaller, unnamed glaciers. 

Prenoua Studies, The glaciers of College Fiord were seen by Whidbey ^ of Vancouver’s 
party in 1794, Applegate® in 1887, Glenn,® Castner,^ and Mendenhall® in 1898, the Har- 
liman Expedition® in 1899, and Grant, Paige, and Higgins in 1905 and 1909.^ 

The most important of these visits were those by the Harriman Expedition and by 
Grant and Higgins. In 1899 Gannett of the Harriman Expedition made a general 
map of College and Harriman Fiords, showing the glaciers. The other members of the 
Harriman Expedition also took many photographs, and Gannett and Gilbert studied the 
glaciers as fully as their brief visit permitted. During Grant’s several visits more photo- 
graphs and descriptions were made, and a still more detailed map was made by Higgins. 

In 1910 (July 15-25), the National Geographic Society’s Expedition studied the 
glaciers and glaciation of upper College Fiord in some detail, making the contour map 
reproduced as Map 7 and the soundings shown on Figs. 43 and Plate CXXVI.® 

Whidbey’s description of conditions in College Fiord, quoted by Vancouver,® is of 
considerable interest. In June, 1794, he proceeded up College Fiord, from Point Pak- 
enham at its southwest entrance, through “much floating ice.” After going three miles 
“they met such innumerable huge bodies of ice, some afloat, others lying on the ground 
near the shore in ten or twelve fathoms water, as rendered their further progress up 
the branch rash, and highly dangerous. This was, however, very fortunately, an ob- 
ject of no moment, since before their return they had obtained a distinct view of iis 
termination about two leagues further in the same direction, by a firm and compact 
body of ice reaching from side to side, and greatly above the level of the sea; behind 
which extended the continuation of the same range of lofty mountains, whose sum- 
mits seemed to be higher than any that had yet been seen on the coast. 

“Whilst at dinner in this situation they frequently heard a very loud rumbling noise, 
not unlike loud, but distant thunder; similar soxmds had often been heard when the 
party was in the neighborhood of large bodies of ice, but they had not before been able 
to trace the cause. They now found the noise to originate from immensei ponderous 
fragments of ice, breakmg off from the higher parts of the main body, and falling from 
a very considerable height, which in one instance produced so violent a shock, that it 

» Vancouver, George, A Voyage of Diacoveiy to the Pacific Ocean and Round the Worid, Vol. V, 180I^ 
pp. 312-814. 

9 Applegate, S., Manuscript map reproduced by Davidson, George. The Glaciers of Alaska that are- 
Shown on Russian Charts or Mentioned in Older Narratives, Trans, and Froc. Geog. Soc., Pacific, Vol. 3, 
1904, p. 29 and map XI. 

• Glenn, E. F., War Dept., Adj.-Gen. Office, No. XXV, 1899, pp. 19-21, and map (in pocket). 

4 Castner, J. C., Ibid., pp. 190-191. 

■ Mendenhall, W. C., 20th Ann. Kept., U. S. Geol. Survey, Part VU, 1900, pp. 273-825, and PI. XIX, A.. 

• Gannett, Henry, Nat. Geog. Mag., Vol. X, 1899, pp, 510-511 and map; Bull. Amer. Ge»g. Soc., Vol. 
XXXI, 1899, p. 354; Burroughs, John, Harnman Alaska Expedition, Vol. 1, 1901^ pp. 69-70; Gilbert, G. K., 
Harriman Alaska Expedition, Vol. m, 1904, pp. 81-89 and map. 

’ Grant, U. S, and Higgins, D. P., Glaciers of Port Wells, Prince William Sound, Bull. Amer. Geog. Soc., 
Vol. XTiTTT, 1911, pp, 321-327; Tidewater Glaciers of Prince William Sound and Kenai Peninsula, Bull 
U. S. Geol. Survey (in preparation); Map in Bull. 448, U. S. Geol. Survey, 1910, PI. II. 

B Martin, Lawrence, The National Geographic Society Researches in Alaska, Nat. Geog. Mag., Vol. XXII, 
1911, pp. 651-^64, 5^6-560. Some Features of Glaciers and Glaciation in the College Fiord, Prince William 
Sound, Alaska, Zeitschiift flir Gletscherkunde, Band VU, Heft 5, 1913, pp. 289-333. 

■ Op. dt., pp. 312-814, 
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was sensibly felt by the whole party, although the ground on which they were was at 
least two leagues from the spot where the fall of ice had taken place,” 

Harvard Glacier, Harvard Glacier, at the head of College Fiord, is an ice tongue 
certainly over 8 miles in length and probably at least twice as long. It heads on a di- 
vide at the crest of the Chugach Mountains and from the same pass Matanuska 
Glacier flows northward.^ Harvard Glacier has a width oia mile to a mile and a quarter 
in the portion near the terminus and is fed by six good-sized tributary glaciers in the 
lower 6 miles, while many other tributaries enter above from cirques east of Mt. Grant.* 
The lower tributaries are all cascading glaciers, the only ones named being Radcliffe, 
Eliot,® and Lowell ® glaciers. These cascading tributaries have an average slope of 165 
to 2400 feet to the mile in their lower course, while the average slope of the lower 
miles of the main ice tongue is only 700 feet per mile. Harvard Glacier ends in a tidal 
ice cliff 350 feet high in 1899, the eastern part being lowest in 1910, as in 1899. That 
the glacier end is not afloat is proved by the fact that a halt mile from the terminus 
the fiord is only 636 feet in depth. 

The surface of the main glacier (PI. CXIV, A) is severely crevassed throughout its 
whole visible extent, and upon it are eight prominent medial moraines, most of which can 
be traced backward to a point where they enter as lateral moraines from the margins of 
tributary glaciers. There are also several subordinate medials near the east side of the 
glacier. The position of the medial moraine formed by the north lateral moraine of the 
Radcliffe Glacier, indicates that in 1910 the Radcliffe was almost as strong as the main 
Harvard Glacier above the junction; for this medial moraine reaches the terminal 
cliff of Harvard Glacier nearly in the middle, showing that at least in the upper layers 
the ice from Radcliffe Glacier compresses the Harvard stream to half of its normal 
width. This is also shown in a unique way by the cross-section of all of the medial 
moraines revealed on the precipitous front of Harvard Glacier. These moraines, whose 
rock fragments darken the otherwise-white face of the cliff from top to bottom, are 
not vertical in cross-section (PL CXIV, B), but are inclined at angles of from 70® to 
22 . The fact that the top of each inclined moraine section is farther east than the 
bottom, indicates that the push of the Radcliffe Glacier which comes in from the west 
is responsible for this inclined position. 

It is possible that the reason why the Radcliffe Glacier is able to dominate the larger 
Harvard ice tongue is because the Radcliffe has so much steeper slope than the Harvard. 
Its slope is not much steeper than the other tributaries like the Eliot Glacier, but the 
descent in a short distance is greater. It may be that this is only a superficial influ- 
ence, that is, that Radcliffe Glacier flows out and rides upon the surface of Harvard 
Glacier because of some rather recent advance. 

There is a broad lateral moraine on each side of Harvard Glacier, the two lateral 
moraines at the terminus being respectively the south laterals of the Radcliffe and 
Lowell Glaciers, while the lateral moraines farther north on Harvard Glacier are di- 
verted successively and become medial moraines below the entrance of each of the 
tributaries. 

1 See PI. I, Bull, 827, U. S. Geol. Survey, 1907. 

• N^amed in 1910 for Prof. U. S. Grant of N^orthwefftem University, 

• Named in 1910 for Cbarles W, BUot and A. Lawrence Lowell, the former president and the present presi- 
dent of Harvard University, ' 
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It is impossible to say how much Harvard Glacier may have retreated from 1794 to 
1887 and 1898, for the maps are not detailed enough. Applegate’s map, made in 1887, 
seems to indicate that the terminus of Harvard Glacier had about the same relationship 
to the cascading glaciers on the western side of College Fiord as when Gannett made 
his more accurate map in 1899. The glacier seems to have changed very little between 
1899 and 1905. An advance took place, however, between Grant’s first visit in 1905 
and his second visit four years later,^ estimated to have been half a mile on the western 
side of the glacier and quarter of a mile on the eastern side. Gannett’s map, made in 
1899, when compared with the Higgins map ten years later, shows clearly that the 
advance could not have been so great as this without great retreat from 1899 to 1905. 
In 1910 the junior author compared photographs taken in 1899, 1905, and 1909 with 
conditions in the field and is inclined to think there was little if any retreat from 1899 
to 1905, and to place the advance between 1905 and 1909 at a much smaller figure than 
Grant does, probably not more than two hundred yards. Between 1909 and 1910 the 
continuation of this advance amounted to only 100 or 150 feet. 

This recent advance is shown clearly in photographs, which bring out the forward 
movement of the east side, and the overriding of a narrow barren zone on the western 
edge. The inclined moraines of the terminus were also pushed farther over by an ad- 
vance of Radcliffe Glacier at the same time. The advance in 1910 resulted in increased 
crevassing in the lateral moraines on either margin of Harvard Glacier near the terminus, 
and in the overriding and destruction of forest on each side. 

This advance was actually in progress when we visited Harvard Glacier on July 17 
to 22, 1910. One of the pronoimced effects of the advance was the increase in wave 
work as the result of more active discharge of icebergs. By these icebergs waves a 
delta, built by the stream from Downer Glacier, a quarter of a mile from the glacier 
front was being cut away at a very rapid rate. A precipitous wave cut cliff in the gravels 
of this delta had a height of 40 feet in 1910, most of the cutting having taken place 
during the previous year. 

At the western edge of Harvard Glacier (PI. CXV), where the advance in 1910 seemed 
to be due to activity of Radcliffe tributary, a push moraine was being formed on the 
beach. Along the glacier margin, a short distance to the northward, the moraine was 
made up largely of an inextricable tangle of macerated fragments of trees and roots, 
mixed with soil, moss, peat, gravel, and till. There were well-developed peat rolls, 
and in places the push moraine was 15 feet high. One of the trees which has just been 
overturned was a spruce 12 inches in diameter and probably over 100 years old, in-^ 
dicating that the glacier had not previously advanced as far as the present stage for at 
least a century. On this side of the fiord as on the eastern side there has been an in- 
crease in activity of iceberg waves which has resulted in the cutting of little cliffs, 
and the uprooting of shrubs. 

Cascading Glaciers of College Fiord— General Description. On the western side of 
College Fiord there are seven cascading glaciers, as well as a number of much smaller 
ice masses. These Mendenhall ^ described in 1898 as follows: “Numerous small gla- 
ciers, easily distinguished from the unconsolidated snow by the blue color of their fronts 
and crevasses, hung from the summits, or extended down the slopes.’’ 

1 Giant, U. S. and Higgins, D. F., Bull. Amer. Geog. Soc., VoL XUn, 1911, p. 82S. 

* Mendenhall, W. C., Twentieth Annual Report, U. S. Geol. Survey, Part Vn, 1900, p, 272. 
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All of these cascading ice streams were formerly tributaries to Harvard Glacier, and 
they have been detached from the main glacier as a result of its retreat northward past 
each successive cascade. In the same way a further retreat of Harvard Glacier for a 
mile and a half would transform Radcliffe Glacier into a separate cascading tongue. 

Named in order from Harvard Glacier southward, these cascading ice falls are Balti- 
more, Smith, Bryn Mawr, Vassar, Wellesley, Barnard, and Holyoke Glaciers. On the 
eastern side of the fiord, opposite Baltimore Glacier, is Downer Glacier, which has 
rather recently ceased to be a tributary of Harvard. Smith, Bryn Mawr, Vassar, and 
Wellesley Glaciers have sufficient snow supply so that they still extend down the fiord 
wall and end in the water (PL C, B). The other cascading glaciers, with smaller snow- 
fields, end some distance above the fiord, — 1Q04 feet in the case of Baltimore Glacier 
and 950 feet in the case of Downer. 

The slopes of these cascading glaciers average about £500 feet to the mile, being 
very much greater in some parts than in others because the lower slope of the 
fiord has been much oversteepened by glacial erosion and because the upper parts of 
some of the glaciers are in hanging valleys. In each case the lower, or cascading por- 
tion of these glaciers is in a shallow valley, interrupting the slope of the fiord wall. 

Several of the cascading glaciers have built terminal moraines and outwash fans in 
the fiord, giving rise to a narrow piedmont flat at the base of the western fiord wall. 
Vassar and Bryn Mawr Glaciers spread out upon this fiat, so that below the ice cascade 
there is a gently-sloping terminus extending from the base of the mountain to the sea. 
Wellesley Glacier formerly had such an expanded foot, but has retreated so that a 
good-sized cove interrupts the narrow coastal plain, the glacier ending three quarters 
of a mile back from the main fiord. Within the cove the water is 48 feet deep. 

Prom Downer, Baltimore, Barnard, and Holyoke Glaciers, which end high above 
the fiord, large streams descend in foaming waterfalls, building deltas where they enter 
the fiord. A similar stream descends the fiord wall from a minor lobe of Vassar Glacier, 
which ends £000 feet above the fiord. 

Downer and Baltimore Glaciers. This pair of ice tongues which would be the first ones 
to reunite with Harvard Glacier if there should be general advance, have not changed 
greatly since 1899, the period of photographic observations. Downer Glacier ^ is a 
clean, white ice tongue with no moraine. Beyond its end there is an extensive barren 
zone 950 feet above sea level, which shows that there has been retreat in recent years. 
Indeed, fully a third of this barren zone has developed since 1899, and part of it may 
be glacial ice, mantled wdth ablation moraine. 

The stream from Downer Glacier descends through a steep-sided rock gorge, below 
which is the torrential delta, already referred to. Upon its surface were shrubs, none 
over 6 or 7 years old, indicating that there had been no great activity of delta building 
since 190£ or thereabouts. 

Baltimore Glacier, which is fed from snowfields that coalesce with those supplying 
Smith Glacier, is also a clean white ice mass, with no moraine except small medials 
near the terminus. Half a mile from the end it bifurcates, the north lobe being larger and 
and ending lower (1004 feet) than the south lobe. A barren zone about its terminus 
indicates that the glacier is less extensive than it was a few years ago; but while Rad- 
cliffe and other cascading glaciers to the south advanced between 1909 and 1910, there 

» Named in 1910 for the Milwaukee-Downer College for Women, in Wisconsin. 
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is no evidence of advance in the Baltimore Glacier, that could be detected by comparison 
of photographs. There were shrubs at the very edge of the ice, but from our viewpoint 
at sea level it was impossible to tell whether any had been overridden. Along portions of 
the margin ice blocks were sliding down the steep slope and across the barren zone. 
We were inclined to suspect advance in progress in July, 1910, but could not be certain. 

Smith Glacier. Smith Glacier, which has a length of about Sj miles and a width 
of from 1800 to 3£00 feet, is fed by two large and two small tributaries which head in 
cirques 4000 to 5000 feet above the fiord. The glacier descends at the rate of 2200 
feet to the mile and is severely crevassed. The lip of its hanging valley is at a level of 
1395 feet, and there are subordinate cascades higher up. There are broad dirt-stained 
areas on either margin, but no definite lateral moraines. There is a pronounced medial 
moraine, formed by two lateral moraines uniting at the spur 2387 feet above the fiord, 
and another from the 3000 foot spur on the east wall. The terminus is a precipitous 
ice cliff rising about 100 feet above the sea. At sea level just north of the middle of this 
ice cliff, rock ledges are exposed beneath the glacier. 

Gilbert states that in 1899 Smith Glacier reached “the fiord three or four miles from 
the Radcliffe, and is of the same order of magnitude. Fed by several tributaries among 
the crests of the range, it gathers in a high mountain valley, and then descends in mag- 
nificent cascades down the mountain front to the sea. In the last part of its course it 
has scarcely any valley, the outer surface of the ice being practically flush with the 
face of the mountain; and there is no flattening of its profile, as it reaches the water. 
Though its lower slope is so seamed by crevasses as to exhibit a mere congeries of pin- 
nacles, two lines of medial moraine are distinctly traceable, each partitioning off a 
fourth part of the ice stream at the side.” 

This description and the photographs made by the Harriman Expedition, show that 
Smith Glacier changed very little between 1899 and 1909. One of these photographs 
(E. H. H., 81) shows a narrow barren zone on each margin of the glsicier extending up 
the mountain slopes to about 1400 feet. In a photograph taken by Grant on July 1, 

1909, the same barren zone apparently shows on the north side of the glacier. In July, 

1910, Smith Glacier was actively advancing, apparently having commenced since Grant’s 
visit the year before; and no barren zone was left aroimd its borders. On the south side 
at sea level, tbe glacier had spread to the edge of the barren zone, where, 15 or 20 feet 
from the glacier, an earlier lateral push moraine crossed a marginal stream, down which 
small ice fragments were floating. Higher on the mountain slopes the ice was advanc- 
ing into the forest and destroying shrubs. 

The north side of Smith Glacier had spread farther than the south side, and at the time 
of our visit was just beginning to destroy the alder along the margin, except at sea level 
where it was advancing across a narrow zone of bare rock. Along the advancing margin 
the alders were being destroyed in three ways, — by actual overriding of the spreading 
glacier, by stream encroachment, and by ice-block avalanches which rolled some distance 
out into the forest (PL CXVI), knocking down and breaking off shrubs and removing 
their bark 6 or 8 feet above the ground. By the advance a marginal stream had been 
diverted Some distance northward into the forest. 

It was impossible to tell exactly how much the tidal terminus of the glacier had moved 
forward since 1909 but there was undoubtedly several hundred feet of advance, accom- 
panying the spreading on the north and south margins. Plate CXVII, A, from the north 
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side shows a fiat tidal term in us extending a short distance out into the fiord, where 
Gilbert says there was none in 1899. The extreme southern edge of the ice cliff was a 
black, crevassed precipice, the lateral moraine of 1899 having been pushed forward 
into the sea. 

Bryn Mawr Glacier. Bryn Mawr Glacier (PI. CXVIII), the largest independent cas- 
cading glacier in College Fiord, is over 3 miles long and varies in width from f of a mile 
to a mile. It is fed by two large tributaries which unite ^040 feet above sea level, com- 
ing from cirques at the level of about 4500 feet. Below the lip of the main hanging 
vall^, 1341 feet above sea level, the slope of the glacier averages 3700 feet to the mile. 
Above this level the slope fiattens to the junction of the tributaries, each of which plunges 
down from a secondary hanging valley at a level of about 2500 feet. At the base of the 
steepened valley slope the glacier forms a slightly expanded piedmont bulb, and the 
lower i of a mile has a very low, flat surface grade. As in the Smith Glacier, there 
are no well defined lateral moraines, but a strong medial moraine extends from the 
junction of the tributaries to the sea. The glacier discharges more icebergs than any 
of the other cascading tongues and terminates with a precipitous cliff over 100 feet high. 

Gilbert states that the Bryn Mawr Glacier “next south of the Smith, is somewhat 
larger. Its two main branches, gathering in mountain valleys not well seen from the 
sea, became visible in twin cascades, and then, uniting their streams, make a second leap 
to the sea. As tide is reached, there is a tendency to flatten the profile, and the central 
portion of the stream becomes nearly or quite horizontal for a few hundred feet before 
breaking off in the terminal cliff. ** 

This shows clearly that the expanded lower portion with a flat foot, was already de- 
veloped in 1899 and photographs by Grant and Paige prove this condition to have con- 
tinued in 1905 and 1909. There was a narrow barren zone on either margin in 1899 and 
probably in 1905. Grant has stated that “a comparison of the photographs taken in 
1899 with those taken in 1909 indicates that the glacier was farther advanced at the 
latter date and that its front (especially the southern half of the front) deployed more 
widely on the shallow bottom of College Fiord. A photograph taken in 1905 and an 
impression four years later indicates that the glacier was less advanced at the earlier 
date, and that it was then (1905) at approximately the same position as in 1899. Any 
close estimate of the actual amount of this advance (as recorded in the photographs 
taken in 1909) is impracticable from the data at hand, but it is probably as much as 500 
feet.” His photographs show an extensive gravel beach still bordering the southern 
half of the ice front in July, 1909. 

There was very considerable advance between July, 1909, and July, 1910, for a photo- 
graph from Grant’s site on College Point shows a lateral spreading of several scores of 
feet on both north and south margins of the glacier. That there has also been pronounced 
forward movement is evident by comparing the conditions in July, 1910, with a photo- 
graph taken by the Harriman Expedition in 1899. In this interval, the Bryn Mawr 
Glacier had advanced several hundred feet, most of the advance apparently taking place 
during 1910. 

On each side of the glacier a small stream emerges from the ice, and at the time of our 
visit the borders of the glacier were encroaching on these stream courses. All along its 
northern margin the Bryn Mawr Glacier was advancing into the forest, where it was IrilHng 
spruces up to 5 inches in diameter, suggesting that the glacier had not been so large for 
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a half century or thereabouts. Sometimes as much as 25 feet outside the area where 
trees were being overwhelmed, shrubs were crushed and trees barked and broken by 
blocks of ice that had tumbled from the glacier margin. 

The south side of Bryn Mawr Glacier showed active advance at the time of our visit, 
the margin of the glacier having a push moraine made up of gravel on the beach and 
alluvial fan, and of turf and soil farther back from the shore. The site of a push moraine 
of 1899 was completely overridden and the new push moraine, 6 to 10 feet high, was filled 
with trunks of overwhelmed shrubs, many of them still retaining the leaves of 1910 
growth. In some places the turf outside of the push moraine had been shoved up into 
low arches by the advancing glacier. Willows and alders that were being overwhelmed 
were from 10 to 15 years old, and in one case possibly as much as 25 years old. There 
was no barren zone left on the south side of the glacier, the advance having entirely 
covered it. 

This advance had displaced the south marginal stream so that it was Sowing throu^ 
the bushes south of its previous course and carrying them down-stream. At one point 
a lobe of the ice which was swept by the stream had been undercut until a small avalanche 
of ice blocks was formed and these blocks were fioating down the stream toward the sea, 
coming from a point on the glacier margin nearly a quarter of a mile from the fiord. Near 
the beach the drainage was obstructed by the ice advance and several small pools were 
formed between the advancing ice front and an older terminal moraine. At several points 
along this southern margin of Bryn Mawr Glacier the upper layers of the ice had been 
thrust-faulted forward over the lower layers so that splinters of ice projected into the 
forest, as was the case on a larger scale at Columbia Glacier. 

The area on the southern border of Biyn Mawr Glacier which is being overridden, 
is part of a crescentic terminal moraine, with knobs and basins, built by the glacier at 
a time of much greater expansion, and now grassed over and partly covered by alders 
and spruces, some 65 years old. It is, therefore, at least that long since this older ter- 
minal moraine was built. 

Vassar Glacier. Vassar Glacier differs from Smith and Bryn Mawr in having a well- 
defined bulb at the lower end. The glacier heads in cirques 4000 to 5000 feet above 
sea level, and is about miles long, a mile wide at its snowfield, and three-eighths of 
a mile wide where it plunges over the lip of its hanging valley at a level of 1598 feet, 
above which is a second cascade at a level of a little more than 2200 feet. After cascad- 
ing down the hanging valley lip to the fiord level, with a slope of 2500 feet to the mile, 
the glacier extends eastward a half mile further with a much flatter grade and with a 
lobate lateral expansion. This glacier with its three portions, a moderately-sloping 
upper part, a cascading middle section, and a flattened terminus, reminds one of the 
Rhone Glacier in the Alps, except that it terminates in the sea, while the Rhone Glacier 
ends in a valley on the land. As already stated, a minor lobe of the Vassar Glacier termi- 
nates 2000 feet above the fiord and sends a stream down the fiord wall. 

Vassar Glacier has no lateral moraine on the south side, but there is a weak one on 
the north, and one medial moraine, starting below the lip of the hanging valley, but 
not from a lateral moraine, as there are no noteworthy tributaries. The whole of the 
lobate lower portion, however, is mantled with thick ablation moraine, which extends 
up the southern margin of the cascading portion to a height of 1100 feet, but on the 
northern margin ends at an elevation of about 800 feet. In contrast with the other 
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cascading gla^ers, therefore, Vasaar Glacier is the least attractive, because the whole 
of its lower surface is dark and moraine-covered. On both the north and south sides, 
streams emerge from the ice about a half mile back from the terminus and flow near 
the ice edge, building an alluvial fan on each side. 

The tidal terminus of Vassar Glacier is not a perpendicular white cliff of clean ice, 
as in the other tidal cascading glaciers, but a low sloping margin, mantled with rock 
d6bris, and similar to the terminus of the Malaspina Glacier at Sitkagi Bluffs. As a 
result of a slight advance which was in progress in 1910, a part of the northern portion 
of the glacier was acquirmg a more precipitous cliff and was shedding the d6bris mantle, 
so that the ice was revealed in places. Even here, however, in contrast with the glisten- 
ing white cliffs of the adjacent glaciers, the ice in sight was dirty and marked with wavy 
horizontal lines of englacial material. Few, if any, icebergs are discharged from this 
glacier. 

Gilbert describes Vassar Glacier in 1899 as a cascading glacier “parallel to the Smith 
and Bryn Mawr and exhibiting a similar series of cascades, but of smaller size and less 
direct in its course. It is cumbered, especially in its lower part, by rock debris, and close 
inspection was necessary to determine the fact that it is actually tidal. ” 

It was, therefore, not essentially different in 1899 and 1910, and photographs by Grant 
show this to have been the case also in 1905 and 1909. It is not smaller than the Smith 
Glacier, though it is smaller than Biyn Mawr. The establishment of the facts of the 
d6bris-covered lower end and the barely tidal condition in 1899 are of importance, for 
these remained the same until 1910 when a change was commencing. At the time of 
our visit the glacier touched tidewater along the whole portion of the front between the 
flanking alluvial fans, but with a low, sloping moraine-veneered margin along the south- 
ern half, and with a low, dirty, nearly vertical cliff in the northern half (PI. CXIX). 

Photographs show that there were barren zones on each side of the glacier in the 
cascading portion in 1899. There was sufficient advance of Vassar Glacier before 1910 
so that portions of the barren zones were covered. That on the north side near sea 
level was not completely overridden by July 21, 1910, but higher on the fiord wall it was 
almost covered. A great deal of the barren zone on the south side was still visible except 
in the bulb portion near sea level. 

On the northern margin the glacier was advancing, but there was no thrusting for- 
ward of the ice itself, the advance being manifested chiefly by a slight folding, ridging, 
and crumpling in the moraine-covered hill along the northern margin, whose barren 
condition suggests that it contains a buried ice block. 

The southern edge of the glacier at sea level was also obviously advancing, but no 
ice was seen beneath the ablation moraine cover and the advance was manifesting itself 
principally by the commencement of crevassing in the moraine-covered bulb and by 
the sliding down of this morainic material along the glacier margin, where willows and 
alders were being buried. Near sea level the glacier extended right up to the forest 
which included mature spruces. 

High above sea level, the ice edge had advanced over part of the zone of bare rock that 
had existed there since 1899, but it was not all covered. Ice blocks were sliding down 
and accumulating in a talus at one point, suggesting that the advance was still in 
progress, 

Vassar Glacier had been stagnant and motionless long enough, not only for thinning 
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un^ the d6bris carried by the ice had accumulated on the surface, forming the ablation 
rdoraine, but also long enough for the growth of a few shrubs and of moss and flowers 
upon the moraine-covered surface. This vegetation upon the bulb was very sparse, 
however, indicating that melting had gone on fast enough to interfere with plant growth. 
If the advance of Vassar Glacier which began in 1910 continues long enough, crevasses 
will doubtless break up the lower bulb, so that the ablation moraine will disappear and 
the lower end of the glacier be transformed to a white mass similar to Bryn Mawr Gla- 
cier, instead of the present dirt-covered terminus. 

Wellesley Glacier, Wellesley Glacier is a very symmetrical single, cascading ice tongue 
about J mile wide (PI. CXX). It descends the fiord wall from small tributaries in 
cirques at elevations of over 4000 feet, reaching the water’s edge, but not expanding in a 
piedmont bulb. It descends from a fine hanging valley (PL CXXV) at an elevation of 
between 1700 and 1800 feet, the slope below the lip exceeding 28°. There are incon- 
spicuous lateral moraines and the suggestion of a weak medial moraine, close to the 
northern margin. 

It is evident that not long ago Wellesley Glacier extended at least f of a mile further 
than now, having then a form very much like that of Vassar Glacier. In retreating from 
this more advanced position the glacier has left a narrow barren zone along the north 
and south margins. The site of the central part of this former bulb is occupied by a 
moraine-bordered cove with water 21 to 129 feet in depth, into which a spit extends 
from the south side, marking the site of the former terminal moraine. At the head of 
this cove Wellesley Glacier ends with a vertical ice diff, beneath the northern and south- 
ern margins of which rock ledges show. 

Gilbert speaks of it in 1899 as a cascading glacier which “flows with gentle grade 
throu^ a mountain trough joining the fiord at right angles and then cascades into the 
sea, into which it plunges without notable modification of profile.” This description 
and the 1899 photograph of the Wellesley Glacier show that it was then essentially as 
in 1910, and that there was then as now, a broad terminal and lateral barren zone. 
Although at the time of our visit there was a very much larger barren zone aroimd the 
glacier terminus than around any other ice tongue in College Fiord, it was then actively 
advancing, and the northern and southern margins had partly covered the lateral barren 
zone previously exposed. 

On the north side, part of the glacier margin was bordered by a push moraine from 
5 to 8 feet high. The advancing edge was lobate, and parts of the barren zone on the 
mountain slopes were completely covered. Both the ice and the push moraine were 
overwhelming alders 5 to 6 years old, and broken ice blocks were rolling down the edge 
of the glacier. 

The southern edge of Wellesley Glacier was also bordered by a new push moraine 
in which were tom willow and alder bushes, some of them 15 years of age. The 
edge of the ice did not extend across the barren zone, which contained shrubs 8 
years old, so that no trees were being overwhelmed by the advancing glacier, although 
annual plants of 1910 growth were being overturned and buried. The south barren 
zone has a morainic topography with linear crevasse deposits, knobs, and basins, the 
latter occupied by pools. 

The barren zone in front of the glacier terminus, including the land portion of the 
former bulb, has evidently been covered by glacial ice within ten or a dozen years, for 
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the oldest shrubs growing in this barren zone were from 8 to 10 years old* Outside this 
morainic area are mature alder thickets and some spruces. 

Barnard^ Holyoke, and Smaller Glaciers. Barnard and Holyoke Glaciers, smaller 
cascading glaciers than most of those toward the north, end a thousand feet or more 
above the fiord. Gilbert alludes to them as small glaciers occupying alcoves on the 
mountain front but ending far above the water. ” South of them are three small cliff 
glaciers, resting on ledges at the base of Mt. Emerson. There are also small ice masses 
between several of the cascading glaciers to the north. 

Barnard Glacier is a clean, crevassed ice tongue, with no medial or lateral moraines. 
It heads in a large cirque and connects with an irregular ice mass on a shelf to the north. 
There is a bare rock slope at the end of the glacier which has small terminal lobes and 
terminates on the lip of its hanging valley. Two streams descend from the terminus. 
Mature spruce forest extending from the fiord well up toward the glacier terminus indi- 
cates that Barnard Glacier has not descended much farther toward the fiord for a cen- 
tury or more; but a barren zone between the ice and forest, present in 1899 as well as in 
1910, proves that it has been retreating in recent years. Between 1899 and 1910 there 
was an advance of the south lobe down the lip of the hanging valley, and a slight advance 
of the north lobe, while between the two lobes an ice block talus was formed. We are 
inclined to believe that the advance was still going on in 1910. 

Holyoke Glacier, which heads in a large cirque and is fed by two glaciers from a small 
cirque on the south, has two weak medial moraines extending from spurs between its 
south tributaries. There are no lateral moraines, but there are a few morainic patches 
along the terminus. The glacier is longer than Barnard, and extends out over the lip 
of its hanging valley. In 1910 the glacier nowhere extended to the borders of its barren 
zone, and the mature spruce forest between the small terminal barren zone and the 
fiord demonstrates that it has not extended beyond this barren zone for a century or 
more. No distinct signs of recent advance were seen. 

The cliff glaciers on the ledges south of Holyoke Glacier present no unusual features. 
There is every reason to believe that they are self-sustaining, and in one case a projecting 
lobe extended down from the shelf. 

Yale Glacier. Yale Glacier has a known length of seven miles, and is probably over 
twice that length. Its width varies from a mile and a quarter to two miles. In its lower 
portion the glacier slopes at the rate of 600 to 700 feet per mile, attaining an elevation 
of 2500 feet three miles and a half from the front, and ascending gradually to 6000 or 
7000 foot cirques east of Mt. Glenn.^ ^ 

The Yale Glacier, though wider at the terminus, is probably not as long as the Harvard, 
It terminates in the Yale Arm of College Fiord, with an unusually irregular front, the 
south side of the glacier extending 1 J miles further down the fiord than the north side. 
This terminal cliff is between 200 and 300 feet high. There are well-marked lateral 
moraines, but no medial moraines (PL CXXIV, A). In the absence of a number of 
large tributaries which supply quantities of ice, and lateral moraines that become 
medials, Yale Glacier differs veiy decidedly from Harvard Glacier. The distant tribu- 
taries are rather small glaciers cascading from extensive n4v6 fields on the mountain 
slopes. In the lower part of the glacier there are not many tributaries on the north- 
western side, contrasting with a considerable number which descend on the southeastern 

1 Named in 1910 for Lieut. E. F. Glenn of the TJ. S. Anny. 
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side from the snowfields and cirques about Mt. Castner ^ and other mountains between 
College Fiord and TJnakwik Inlet. 

Applegate^s map of Yale Glacier in 1887 shows it terminating somewhere between 
College Point and the present stand; but since he did not approach the glacier nearer 
than 12 miles, about the same as Vancouver did in 1794, it is impossible to draw 
any conclusions from these early maps concerning the behavior of Yale Glacier prior 
to 1898. 

From the photograph (PL CXXTQ) taken by Mendenhall in the latter part of April, 
1898, it is evident that Yale Glacier was in almost exactly the same position as at 
-present. The rock ledges were exposed beneath the middle of the ice front and the 
eastern half exhibited ‘‘the rough pinnacled front of a stiU-advancing stream. Its 
western front is of dead-white ice. ” 

On this same occasion Castner went on snowshoes some distance up the margin of 
the Yale Glacier, which may perhaps show that it was then less severely crevassed than 
in 1910 when traveling upon its surface was impossible. But our visit was at a later 
season when the snow had disappeared. 

Glenn gives a vivid description of Yale and Harvard glaciers as he saw them in 1898 
from College Fiord. “The day was dry and clear. Directly in our front was the most 
imposing sight we had yet seen — ^I might add more imposing than any we saw during 
the season. Glistening in the sun were two large glaciers, which we named the ‘Twin 
Glaciers,* * the pair being separated by a short ridge or hogback that runs down to salt 
water. In front of the one on our right the sea ice extended for over S miles, while in 
front of the other this sea ice extended at least twice that distance. This ice was covered 
with snow several feet in depth. We soon discovered that it would bear up the weight 
of a man and that we could make no headway against it with the boat. Each of these 
glaciers is what is termed ‘live* or ‘working’ glaciers. The front of each was an al- 
most peipendicular mass of ice, from which immense pieces were constantly breaking 
off and falling into the sea with a great roaring noise, due principally to the action of 
the tides.” 

The map of Yale Glacier by Gannett, the description by Gilbert, and the photographs 
by other members of the Harriman Expedition in 1899 show clearly that in all major 
features of position Yale Glacier had at that time assumed the general conditions which 
prevailed in 1910. The rock ledges beneath the center of the glacier are seen in the 
photographs, and Gilbert indicates that there were barren zones at the margins. He 
explains the dirty ice near the northwestern side of the glacier as follows : “A blackening, 
west of the middle, by glacial drift suggests that a rock knob may lie near the surface, 
ready to develop into a nunatak or island if the glacier shall diminish. ” 

The photographs and descriptions by Grant in 1905 and 1909, and the map by Higgins 
in the latter year show that Yale Glacier maintained essentially the same conditions 
during the decade following 1899. The narrowness of the barren zones in 1909 leads 
Grant to conclude that the eastern margin was slightly farther advanced in that year 
than in 1898 and 1899, 

In 1910 Yale Glacier was advancing strongly. By July 15, the southeastern edge had 
advanced 750 feet beyond its position in 1899, as was shown by comparing conditions 

^ This peak and the adjacent glacier were named in 1910 for Lieut. J. G. Castner of the U. S. Army. 

1 Now called Yale and Harvard Glaciers. 
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seen from Photo Sta. P., TOth a photograph (PI. CXXI) by Curtis.^ The amount of ad- 
vance was accurately determined by Mr. Lewis, our topographer. That the greater 
part, if not all, of this advance took place after July 1, 1909, is demonstrated by photo- 
graphs by Grant from Station I (PL CXXII). The central portions of the glacier 
also advanced somewhat, covering part of the ledges. The southeastern ice clifiF was 
highest in 1910, the fresh-looking cliffs west of the rock ledges next highest, and the 
northwestern margin lowest of all. 

The advance had covered most of the barren zone along the southeastern margin, 
though some still remained in places. Near the terminus the entire marginal barren 
zone was covered by ice, and bushes were being overridden, but in front of the glacier 
there were rock slopes bare of vegetation. Bordering part of the glacier margin was a 
push moraine of till, bowlders and wood, and there were also some peat rolls. The pres- 
ence of recently overturned bushes lying on the winter’s snow, proves that the advance 
was in progress during the spring of 1910. 

The northwestern margin of Yale Glacier was also advancing rapidly. At the water’s 
edge the glacier terminated on beach and alluvial fan gravels in part undisturbed; but 
above tide level there was a gravel push moraine including some tree trunks. Farther 
back along this margin practically all the former barren zone had been overridden, and 
the glacier was destroying thickets of alder and wiUow bushes from 10 to 3S years old. 
The relationship to snow banks proves that part of this advance had taken place during 
the preceding autumn or early winter; but on July 16, 1910, the advance was still in 
progress, overwhelming a dense growth of alders and willows, and at a few points rolling 
up small arches of peat. 

Castner Glacier, the southernmost tributary of Yale Glacier, with its pronounced 
medial moraine and broad lateral moraine, showed no particular change from 1899 to 
1910. Higgins’ map has this glacier disconnected from the Yale in 1909, but Grant’s 
photographs of that year show this to be an error. This lack of change indicates that 
the advance of Yale Glacier was not caused by this tributary. The feeders farther back 
on the east side may have participated in it, for they rise in snowfields which also feed 
the active northern arm of Meares Glacier in Unakwik Inlet. 

Amherst and Adjacent Oladers. This group of glaciers, on the southeast side of College 
Fiord has not been studied in detail by any of the expeditions that have visited the 
region, nor seen from nearer than the eastern edge of the fiord. Amherst Glacier is the 
largest of the group and both it and Crescent Glacier were shown on a map by Applegate 
in 1887 and by Gannett in 1899. TVilliams, Dartmouth and a small glacier to the north 
were indicated on the Grant and Higgins map of 1909, as were the Tommy and Cap 
Glaciers south of Crescent Glacier. 

Amherst Glacier is about 4 J miles long and a mile wide and descends from large cirques 
near Unakwik Peak. Crescent Glacier is of about the same length but is only about a 
quarter of a mile wide. Dartmouth and Williams Glaciers are also small. According to 
Applegate’s map, which was made from so near that it is probably correct, Amherst and 
Crescent Glaciers ended a little nearer the fiord in 1887 than at present and were united. 

Gilbert states that in 1899 ‘‘Amherst Glacier was passed by the ship at some distance, 
and its features are known chiefly through the photographs secured by Merriam. It 
is fed by n6v6s in full view from the fiord, and approaches the sea in a short, broad stream 

1 ELarrinian Alaska BxpeditioD, Yol. HI, 1904, Fig. 48. p, 88. 
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which, at first descends steeply and afterwards more gently. The habit of the lowland 
lying between the glacier and the ocean indicates that it is built of morainic material. 
Near the sea is a belt of timber, but this is separated from the ice by a barren tract simi- 
lar to that about Davidson Glacier. A barren zone several hundred yards broad is seen 
to flank the glacier on the southwest, and a similar zone borders its companion Crescent 
Glacier. These features doubtless indicate shrinking in modem times, the change having 
been of moderate amount, although greater than in the case of LaPerouse and Columbia^ 
Glaciers. The Crescent is comparatively narrow, and approaches the sea with a higher 
grade. A curve in its trough conceals its upper course. ” 

When we saw it in 1910 (PI. CXXIV, B) Amherst Glacier was little crevassed and 
had a broad belt of ablation moraine upon the terminus, no changes being detected by 
comparison with Merriam’s 1899 photograph. The Crescent Glacier also seemed un- 
changed, and from a distance no signs of unusual activity were seen in Williams, Dart- 
mouth, and Tommy Glaciers. Cap Glacier is typical of many n6v6 fields upon mountain 
slopes, being thin, severely crevassed, and intermediate in character between the snow- 
field and the valley glacier, though most resembling the former. 

Glacial Erosion — Feaiures above Sea Level, Glacial erosion has had a profound in- 
fluence in producing the present straight, steep-walled depression of College Fiord. 
Evidence of glacial erosion in the form of striae on rock ledges, in roches moutonndes 
forms, in the absence of spurs on the valley walls, and in the oversteepened lower por- 
tion of the fiord walls is everywhere apparent. There are also cirques of various sizes, 
a large number of them containing small glaciers, as between Vassar and Bryn Mawr 
Glaciers, between Baltimore and Radcliffe Glaciers, etc. 

There are many differences in the degree of glacial erosion, judging from the valley- 
wall features. For example, the south side of Cresent Glacier valley shows an undercut 
cliff, evidently due to long-continued glacial erosion on the outer side of a curve, as in a 
river. The eastern wall of College Fiord, especially between College Point and Downer 
Glacier, and just north of Coghill River, is remarkable for irregularities above sea level 
in contrast with the smoother western side. The eastern side has many imeroded spurs, 
irregular hummocks and reefs; the western is remarkable for its smoothness and simplic- 
ity of contour, for its many roches moutonn6es with striae and glacial grooves parallel 
to the trend of the fiord, and for the bare, smoothed, nearly horizontal rock ledges high 
upon the fiord wall. North of College Point the expanded Harvard Glacier seems to 
have hugged the western shore and to have eroded here more eflGlciently, despite the pres- 
ence of many tributaries from the west whose thrust would tend to push the glacier over 
toward the eastern side. But it is very probable that the expanded Yale Glacier swept 
over College Point and by its great volume overcame the influence of this thrust. 

There are many hanging valleys above sea level (h, PI. CXXVI) and as Gilbert has 
already noted, the cascading glaciers on the western side of the fiord descend out of hang- 
ing valleys. There are also hanging valleys out of which the glaciers do not now cas- 
cade. The ascending altitudes of these hanging valleys, whose levels as measured in 
1910 agree except in minor particulars with Gilbert's computations in 1899, and the 
fact that there are two steps, as noted by Gannett, have been explained by Gilbert,^ as 
follows, the relationships being shown in Fig. 41. 

1 Gilbert, G. K., Harriman Alaska Expedition, Yol. 8, 1904, pp. 175-176. 
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(174 feet) northwest of Coghill 
River, and by a gradual shallow- 
ing of the water from that point 
to Port Wells. 

As has been stated in previous 
discussions of the 1910 sound- 
ings, we are in doubt where to 
infer submerged moraines and 
where imeroded reefs, devel- 
oped in connection with the 
basining of the fiord bottom by 
glacial erosion. The basin whose 
deepest point (804 feet) is oppo- 
site Wellesley Glacier seems to 
us probably to be a rock basin 
of glacial erosion. Its bottom 
lies 6S0 feet lower than the 
swell at its lower end, and 402 
feet lower than the swell at its 
upper end. An apparently 
adequate explanation of ex- 
cessive erosion here would be 
the more rapid motion of the 
ice when the expanded Harvard 
Glacier received Yale and the 
cascading glaciers as tributa- 
ries. Moreover, in this upper 
part of the fiord there may have 
been repeated ice advances, 
with consequent periods of gla- 
cial erosion, while the lower part 
of the fiord was not scoured so 
frequently, if indeed it was oc- 
cupied by an advancing glacier 
more than once. 

An alternate explanation of 
the relative shallowness in the 
part of the fiord south of Cog- 
hill River (Fig. 43) would be 
that it was originally more 
deeply eroded, but has been 
filled by glacial deposits, in- 
cluding not only deposits from 
the retreating glaciers of upper 
College Fiord, but also by 
stream-bome deposits from the 
Amherst, Crescent, Williams 



; 


Fig. 48. Sttemabhud Contotjbs of ConLBCo Eiobd. 
Outline of coast and glaciers after Grant and Higgins. 
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and Dartmouth Glaciers, the streams from which are still carrying d6bris into the 
fiord. The eastern part of the fiord near these glaciers, however, is very shallow and 
the abundant reefs rising to the surface here are in some cases rock ledges, proving that 
there has not been such profound erosion as along the western side and also that there 
have not been extensive glacial deposits above the surface. The greater glacial scour- 
ing was apparently on the western side of the portion of College Fiord where the main 
current of the e3q)anded trunk glacier was probably pushed by the eastern tributaries. 

Deposits might fdso have been made here by the Amherst and other tributaries before 
they retreated across to the shallow eastern portion of the fiord. A perfectly rational 
hypothesis to account for all the irregularities in the bottom of College Fiord would be to 
attribute them to glacial erosion without significant deposition. All of the existing basins 
and swells might be explained by a rhythmic alternation of plunging and rising related to 
the incoming of tributary ice streams. There is a basin below Harvard Glacier terminus 
and a swell not far above College Point near Smith Glacier. There is a basin south of 
College Point where the expanded Yale Glacier entered, below which is the swell west 
of Coghill River. Below this the water deepens nearly to Point Pakenham, perhaps 
under the influence of the incoming Dartmouth, Amherst, and adjacent glaciers. 

The places of relatively shoal water at the southern end of College Fiord, discussed 
in the next chapter, seem to be clearly of the moraine bar type, though we have no 
clear proof that they are not built upon a broad rock swell, just above the entrance of 
the former incoming Barry Arm Glacier. 

Besides the visible hanging valleys above tide water (PL CXXV) there are several 
submerged hanging valleys (PL CXXVI). The cove in which Wellesley Glacier now j 

ends, and which has a maximum depth of about 48 feet, hangs 756 feet above the | 

bottom of the main fiord. The arm of the fiord terminated by Yale Glacier hangs 498 
feet above the main fiord (Fig. 42). This submerged hanging valley shows clearly that 
Harvard Glacier has always been the chief tributary of the College Fiord ice tongue, j 

eroding more efficiently than the Yale Glacier at the time when the latter was a trib- 
utary of the former. The cove at the mouth of CoghiU River probably has a similar 
hanging relationship; and College Fiord hangs above Port Wells, but how much is , 
unknown because of the complication of glacial deposits. 

Glacial Deposits. Deposits of glacial origin are not common in the College Fiord 
region. They include (1) ground moraine, (2) terminal moraines, (S) lateral moraines 
and terraces, (4) outwash gravels, and (5) deposits bdow sea level. 

The ground moraine is everywhere thin and except for scattered erratic bowlders is I 

entirely absent on steep slopes, but on the more gently sloping portions of the fiord 
walls, the deposit is thicker. The low flat strip of land on the southern side of Yale 
Arm has a thin veneer of glacial deposits, there being well developed morainic topog- 
raphy with ridges and hollows, the latter Containing pools. 

Since the larger glaciers end in the water, terminal moraines are few in number. Men- 
tion has already been made of the long, narrow, piedmont strip on the western side of 
College Fiord, built up, in part at least, by deposits from the several cascading glaciers, 
such as the crescentic terminal moraines south of Biyn Mawr and Wellesley Glaciers. j 

Possibly this area also includes some deposits of the earlier, expanded Harvard Glacier. f 

Mendenhall states ^ that in the valley of Coghill River there are “several small lakes J 

I 

A Mendenhall, W, C., 20th Ann. Rept.> U. S. Ged. Survey, Part VII, 1900, p. 27S. t 
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filling depressions back of morainal dams.” The larger of these. Lake CoghiU, may 
be held in by recessional terminal moraines of either Dartmouth or Williams Glacier. 

Of the lateral moraines the one on the western side of College Point, between Har- 
vard and Yale arms, is typical (PL CXXVI), consisting of till and stratified gravels, 
evidently built between the glacier and the mountain side. It has several terrace 
levels forming a morainic prow on both sides of College Point. In some places the 
terrace is surmounted by push moraines, in other places with ridges which may either 
be constructional or due to stream channeling. Most of these ridges are unquestion- 
able push moraines, showing that the ice margin oscillated at this edge. The lowest 
terrace slop^ southwestward from the 900 foot contour above the end of Yale Glacier 
to an elevation of 575 feet near the end of CoUege Point. Gravel renmants suggest- 
ing a corresponding moraine on the eastern side of Yale Arm descend from an elevation 
of 1017 feet near the glacier to 200 feet about three miles to the southwest. These 
gravel renmants are covered by distinctive vegetation. 

Above timber line, but in the zone of alder growth, on the slopes of Mt. Emerson, 
south of Holyoke Glacier certain shelves or benches (Fig. 43) suggest moraine 
terraces. In places there are three levels, with alluvial fans and snowbanks above. 
Between Barnard and Holyoke glaciers there is one shelf, not seen north of Barnard 
Glacier. Near Holyoke Glacier it is about 1500 feet above sea level. Below Mt. 
Emerson it slopes southward down to approximately 1200 feet, dying out opposite 
Coghill River, and a bench above this one extends a little farther south. 

The outwash gravels near Amherst, Crescent, Williams, and Dartmouth Glaciers 
form the largest area of this kind of deposit in College Fiord. 

Below sea level there are no definitely proved submerged moraines except the two 
moraine bars at the entrance to Port Wells, described in the next chapter. The 342 
foot ridge or swell between Smith ^d Biyn Mawr Glaciers, rising 400 feet above the 
fiord bottom to the north, may be a submerged moraine. The 174 foot swell just west 
of lower Coghill River may possibly be a submerged moraine. As already indicated 
the shallow southern part of College Fiord seems more likely to be due to lack of ex- 
cavation than to glacial deposition under water. A minor, projecting point on the 
western side of the fiord, near the 264 foot sounding, in this southern portion, suggests 
a submerged moraine bar, but the soundings are not detailed enough to determine 
this. 

Vegetation in College Fiord, The vegetation in College Fiord furnishes important 
evidence concerning the episodes of former glaciation. Gilbert pointed out in 1899 
some of the relationships of trees near the Yale, the Harvard, and the cascading gla- 
ciers, and stated that “a little farther, south the coast is forested, and the trees climb 
up a few hundred feet on the moraine heaps under the hanging glaciers. They are 
separated from the ice, first by a broad belt of alders, and then by a barren zone. As 
the spruce forest in College Fiord nowhere stands close to the ice, but is separated 
by a barren zone, it seems fair to assume that the ice has occupied this zone so re- 
cently that the period since its shrinkage has not sufficed for reforesting; but no 
facts are recorded tending to show the nature of the changes immediately preceding 
our visit.” As we have already shown, by July, 1910, most of the barren zones had 
been overridden. 

We observed the following additional relationships of vegetation to the fiord walls 
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and the glaciers. In outer College Fiord near Port Wells and on the flats near Amherst 
Glacier, there is thick, mature spruce and hemlock forest. On the eastern side the 
forest extends northward nearly to Yale Glacier, ending at sea level in the cove three 
miles southwest of the glacier. From this point northward there is no forest at sea 
level, though scattered thickets of willow and alder have reached considerable size. 
On the eastern mountain side, however, mature spruce extends nearly up to the first 
tributary of Yale Glacier. It is limited above by a nearly-hoiizontal timberline, but 
its lower edge is a rather regular, sloping boundary^ 1017 feet above sea level near 
the glacier and 200 feet in the cove to the southwest, practically coinciding with de- 
posits thought to represent a faint, disconnected lateral moraine. 

The western side of Yale Arm has a similar distribution of mature, thickset timber, 
whose growth must have taken a century or more. At the end of College Point there are 
scattered individuals of mature spruce at sea level, while the thick, mature forest begins 
at an elevation of about 575 feet, rising northeastward, with the lateral moraine abeady 
described, to 900 feet near the western edge of Yale Glacier. Above this line the forest 
extends up the mountain slope to the timberline; but below it are only scattered young 
conifers and dense thickets of alder and willow up to and beyond the end of the glacier. 
In these lower levels there is no thick mature evergreen forest such as extends up to 
the very edges of Columbia and Meares Glaciers. Some of the alders close to the front 
of Yale Glacier are S3 years old and the oldest willow seen had ten annual rings. Prom 
this statement it is evident that the forest conditions in Yale Arm of College Piord 
are unusual, for there is a wedge of thick, mature, coniferous forest on each side, ex- 
tending upward to a normal but somewhat bregular timberline, and limited below by 
a regular line, highest near the glacier and sloping gradually southwestward to sea 
level. The questions naturally arise: Is the absence of forest in the lower part of this 
area to be explained by unsuitability of (a) the slopes, or (b) the soil? Or is it due to 
a difference in the length of time during which this area has been available for tree 
growth? The last seems to be the case, for in the southern part of College Fiord there 
is thick, mature forest on all sorts of slopes and soils. The cause which untU recently 
has kept the forest from growing in this lower belt was clearly the Yale Glacier, for an 
advance to or near the mouth of Yale Arm would cover the fiord walls up to about 
the present lower limit of the forest. The unforested area is, therefore, interpreted as a 
former barren zone, already thickly covered with alders and willows, some of which are 
33 or more years old, while scattered young conifers have taken root where slope, soil, 
and adjacent seeding ground are most favorable. 

This interpretation is based upon our belief that the upper belt of thick, mature 
forest is a renmant of a forest which formerly clothed the entire lower portion of the 
fiord wall, and not a forest that grew where it is while the glacier occupied the area 
below it. Such remnant forests exist to the west in Harriman Fiord, and we are in- 
clined to interpret this one as of the same character, in spite of the fact that in this . 
case we saw no push moraines with dead tree trunks at the lower and outer edges of 
the forest. The vegetation in Yale Arm, therefore, is interpreted as showing that the 
glacier extended out nearly to the end of College Point not less than 33 years ago; and, 
furthermore, that for a century or more it has not extended farther than that, nor 
higher than 900 to 1017 feet above the present terminus. 

^ Not Hoiizontat as Grant thou^t. Op. cit., p. 824. 
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On the western side of lower College Fiord there is continuous thick, mature, conif- 
'Crous forest at sea level as far north as Barnard Glacier; but beyond that there are 
only scattered groves, interrupted by the barren zones of the cascading glaciers. The 
spruces surrounding the barren bulb of Vassar Glacier grow only near sea level, not 
extending up the steepened fiord walls as they do between Barnard and Wellesley Gla- 
ciers. One of the spruces at sea level, near the north side of Vassar Glacier, was 16 
inches in diameter five feet above the ground and must have grown a century old or 
more. Between Vassar and Bryn Mawr Glaciers there are only a few spruces at sea 
level; but at about the hanging valley level there are two large groves. Between Bryn 
Mawr and Smith Glaciers there are scattered mature spruces at the hanging valley 
level near the former, at about the 1000-foot level near the latter, and at sea level on 
the south side of Smith Glacier, Between Smith and Harvard Glaciers there are scat- 
tered spruces nearly down to sea level, extending much closer to Harvard Glacier than 
Gilbert thought; and one which had just been pushed over by the advancing glacier 
in 1910 was over a foot in diameter and therefore probably nearly or quite a century 
old. 

North of College Point, on the eastern side of College Fiord, there is thick mature 
forest at sea level, as far as Photo Station K (Fig. 43). North of this, to a point oppo- 
site Smith Glacier, there are large groves, also at sea level, interspersed with open spaces; 
and a few scattered spruces grow up to the very edge of Harvard Glacier. Through- 
out Harvard Arm and lower College Fiord, the open spaces are covered by dense thickets 
of good-sized alders and wiUows and, except in the narrow barren zones of the cascading 
glaciers, there is no considerable area with as sparse growth as on the eastern side of 
Yale Arm. 

Thus Harvard Ann has much more forest than Yale Arm, and the eastern side is 
more thickly forested than the western where the cascading glaciers have broken it 
up. The conditions in Harvard Arm show clearly that Harvard Glacier has not re- 
cently extended southward beyond Pt. K., where the thick forest ends, and that for 
at least a century no advance has gone as far as the one which was in progress in 1910, 
contrasting, therefore, with the recent behavior of Yale Glacier. 

Reason fob Advances of Glacihks 

It is not perfectly clear why the glaciers of Unakwik Inlet and College Fiord are 
oscillating, some advancing and some retreating. The fundamental cause is, of course, 
involved with snow supply and with rate of melting as determined by temperature. 
Climatic records are so incomplete that we cannot settle this question and it is quite 
possible that, as in Yakutat Bay, the snow supply of any glacier, or group of ice tongues, 
might have been increased by avalanching during earthquakes, rather than by increase 
of precipitation. These glaciers of northern Prince William Sound Ke entirely outside 
the zone affected by great avalanching during the Yakutat Bay earthquakes of Sep- 
tember, 1899; but there have been a number of other severe, recent earthquakes in 
Alaska, whose origins were in or near the region of these advancing glaciers. One such, 
in October, 1900, was of considerable intensity. 

The Yakutat Bay glaciers which have so far advanced as a result of the 1899 earth- 
quakes are of variable sizes and have responded in order of size, the smaller ones first. 
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The advancing glaciers in Prince William Sound are also of variable sizes; but here 
the largest, Columbia and Valdez, seem to have begun to advance in 1907-08, long 
before the smaller College Fiord and Unakwik Inlet ice tongues. Here, nine or more 
glaciers, the large Harvard, Yale, and Mearea Glaciers, and the smaller, Wellesley, 
Vassar, Bryn Mawr, Smith, Radcliffe, Barnard, and possibly other small ones, all began 
to advance together in 1909-10. This absence of relation between size and period of 
advance, and the lack of spasmodic transformation to activity with rapid return to 
stagnation, observed in Yakutat Bay, suggests that the advances now in progress in 
this part of Prince William Sound are probably climatic. 

The following table ^ shows the precipitation record from the nearest stations. It 
also suggests that the glacier advances in College Fiord and Unakwik Inlet are climatic. 
The data is given both in snowfall and in total precipitation (rainfall plus melted snow), 
and is arranged by years from July 31 to July 31, so that the snowfall of the winters of 
two calendar years appears together, that is by snow years. 


Table Showing Precipitation from (1) Fort Liscxjm Near Valdez, (2) Sunrise 
ON Turnagain Arm, (3) Kenai on Cook Inlet, All at Sea-Level, 

AND (4) Copper Center, 1000 Feet Above Sea-Level 


Year 

Total Precipitation, in inches 

Snowfall, in inches 

Fort Liscum 

Fort Liscum 

Sunrise 

Kenai 

Copper Center 

1901—02 

78.67 

834.4 

- - 

82.3 



1902—08 

96.26 

671.1 

— 

109.1 

36.5 

1908—04 

57.88 

255.9 

89.4 

92.6 

47.1 

1904—05 

69.58 

187.8 

123.4 

40.1 

25.5 

1905—00 

72.62 

838.5 

112.1 

48.7 

64.1 

1906—07 

72.81 

299.0 

88.8 

47.1 

28.3 

1907—08 

91.85 

447.2 

158.9 


81.5 

1908—09 

73.52 

838.7 

85.0 

— 

27.0 

1909—10 

70.29 

458.5 

182.2 

— 

88.0 

Mean 

76.77 

870.1 

112.1 

60.8 

36.6 


It might be thought that the increase in snowfall at Fort Liscum (a) from 334 inches 
in 1901-1902 to 671 inches in 1902-1903, an augmentation of 337 inches or 28 feet, 
or (b) from 299 inches in 1906-1907 to 447 inches in 1907-1908, an increase of 148 inches 
or 12J feet, or (c) from 338 inches in 1908-1909 to 458 inches in 1909-1910, an increase 
of 120 inches or 10 feet, would be quite adequate to account for the advance of the eight 
glaciers in College Fiord. To this there are two possible objections. 

First, Fort Liscum, the nearest of the U. S. Weather Bureau observatories, is nearly 
50 miles from College Fiord (PI. XCIIL) ; and it is by no means certain that the climatic 
oscillations are similar and synchronous. Unfortunately the other places where precipi- 
tation records are kept, to the north and southwest of College Fiord, are in regions of 
dissimilar climate and the records are incomplete, though the table just quoted shows 

1 Martin, Lawrence, Some Features of Gladera and Glaciation in the College Fiord, Prince William 
Sound, Alaska, Zeitschrift ftlr Gletscherkunde, Band VII, Heft 5, 1918, pp. Z8-31. 
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that the sno*wfall (a) at Kenai, ISO miles southwest of College Fiord increased from S2 
inches in 1901-1902 to 109 inches in 1902-1903, corresponding to the great increase at 
Port Liscum ia 1902-1903, and (b) the snowfall at Sunrise, 65 miles southwest of 
College Fiord, increased from 83 inches in 1906-1907 to 158 inches in 1907-1908, cor- 
responding to the increase at Fort Liscum in the latter year. At Chickaloon, 950 feet 
above sea level in the Matanuska valley north of the Chugach Mountains and only 45 
miles northwest of College Fiord, we have snowfall records during only two winters. 
These show 95^ inches in 1907—1908 (October 25 to March 31) and only 75 J inches 
during the corresponding months of 1910-1911. At Copper Center, 90 miles north- 
east of College Fiord, the increased snowfall appears for 1907-1908, but there was not 
as much in 1902-1903 as in the following year, and the greatest snowfall was in 1905- 
1906. Ten out of fifteen other stations in distant parts of Alaska, however, show a 
great increase of snowfall in 1902-1903 and 1907-1908. 

Secondly, the two glaciers extending down to sea level close to Fort Liscum show no 
adequate response to the increase in snowfall in 1907-1908. Valdez Glacier is only 8 
miles north and Shoup Glacier only 10 miles northwest of Fort Liscum. Following the 
doubling of snowfall in 1902-1903, however, the Valdez Glacier had a slight advance 
between 1905 and 1908; but the adjacent Shoup Glacier had no such advance, and Valdez 
Glacier moved forward only 250 to 300 feet and then commenced to recede again, as it 
has done ever since and as we know from annual observations that it has been doing ever 
since 1898. Columbia Glacier, midway between College Fiord and Port Liscum, began 
to advance in 1908 and contiaued slow forward motion at least until 1911. 

All this suggests that the tremendous annual snowfall of 187 to 671 inches (15j to 56 
feet) at Fort Liscum, and the smaller amounts at Sunrise, Kenai, and Copper Center, 
may not be representative of the snowfall in the n6v6 fields of the adjacent glaciers, where 
the precipitation is probably even greater, but does not necessarily fluctuate in exactly 
the same way. 

On these accounts, though it is probably, it is not absolutely safe to ascribe the for- 
ward movement of the Meares Glacier in TJnakwik Inlet and the eight glaciers in College 
Fiord in 1910 to the increased precipitation recorded at Fort Liscum during the winters 
of 1902^1903 or 1907—1908. The temperature records are open to the same limitations. 

The only satisfactory attitude to take at present is to ascribe this great renewal of 
activity of certain of these glaciers either (a) to climatic variations or (b) to earth- 
quake avalanching, and then wait to see whether other adjacent glaciers, now retreat- 
ing, such as the Amherst in College Fiord and the Barry in Harriman Fiord, also ad- 
vance, and whether those now advancing continue to advance for several years as the 
Columbia Glacier has done, suggesting a climatic explanation, or whether they develop 
the characteristics of the earthquake-stimulated Yakutat Bay glaciers, having spas- 
modic advances which are of short duration. It would be most desirable if some one 
could revisit the TJnakwik Inlet and College Fiord glaciers in a year or two to gather 
information on this important question. 

The initiation of what seems to be a general advance of the glaciers of western Prince 
William Sound is a matter of no little importance. Fourteen ice tongues began to ad- 
vance in 1909-1910 — eight of them in College Fiord — ^and a fifteenth had commenced 
to move forward in 1908. The importance lies (a) in distinguishing whether this advance 
is climatic or due to earthquake avalanching; (b) in determining whether the advance is 
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a minor interruption of the previous slow retreat, as the increase in snowfall for only one 
year at a time would suggest; and (c) in affording an opportunity, in case the advance is 
climatic and is not a small local affair, of seeing how long after an increase in snowfall 
the general advance begms and for what period of years it continues. In the latter case 
the advance might go on for some considerable part of the period of 35 to 50 years observed 
in many glaciers of the Alps and other moxmtain regions.^ It is especially interesting 
as possibly yielding future data in connection with the 35 year periods described by 
Brilckner.* It would be most desirable it some one could revisit the Unakwik Inlet and 
College Fiord glaciers and the others in Harriman Fiord and the remainder of western 
Prince "William Sound after a few years to gather information on this important question. 

1 Ford, A., Jahrbuch des Schw. Alp. Verein, Annual volumes beginning in 1881. 

Rabot, C., Revue de Glaciologie, Aim. du Qub alpin Frangais, Vol. XXVm, Paris, 1902; Ibid., No. 2, Op. 
dt., Vol. XXIX, Paris, 1908; Ibid., No, 8, M6moires de la Soci6t6 Fribourgeoise des Sdences naturelles, Vol. V, 
Fribourg, 1909. 

Finsterwalder, S., Comptes rendua du CongrAg g^ologique international, de Vienne, 1903, pp. 161-169. 

Rdd, H. F., Variations of Gladers, Jour. GeoL, Vol. HE, 1895, pp. 278-288; and annually since then in the 
Journal of Geology. See also the annual volumes of the Zdtschrift ftlr Gletscherkunde. 

Brtlckner, Eduard, La Commission intemationale des Gladers au Congr^ gd>logique international, Stock- 
holm, aoat, 1910, Zdtschrift fUr Gletscherkunde, Band V. 1911, pp. 161-176. 

* Brtlckner, Eduard, KlimarSchwankuiigen sdt 1700, Geog. Abhand. von Dr. Penck, Band IV, Wien, 1890, 
pp. 185-108. 
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CHAPTER XVI 

GLACIERS OF HAERIMAN FIORD AND PORT WELLS 
Harriman Fiord 

General Description. Harriman Fiord is the northwestern arm of Port Wells, the 
northeastern branch being College Fiord. It has the form of a bent arm. The lower 
part of this fiord from Port Wells to the elbow is called Barry Arm. It extends north- 
westward from Pt. Pakenham for a distance of about 8 miles, Barry Glacier being at 
the elbow end (Map 8). 

Harriman Fiord proper extends westward from the elbow of Pt. Doran at right angles 
to Barry Arm and then turns southwest, having a total length of over 12 miles, and 
terminating at the tidal front of Harriman Glacier. About half way down the western 
side is a tributary fiord 2^ miles long, terminated at the western end by Surprise Gla- 
cier. On the southern side of this inlet is Cataract Glacier, which descends the fiord 
wall to tidewater. About half way between Surprise and Barry Glaciers is the fifth 
tidal ice tongue of Harriman Fiord, Serpentine Glacier, which ends in a small cove. The 
other ice tongues of the fiord, none of which reach the sea, are Toboggan, Baker, De- 
tached, Roaring, Dirty, Wedge, and a number of smaller ones. The snow line is at 
an elevation of 2000 to 2500 feet (PI. CXVH, B), and above it the proportions of snow 
covering and bare rock vary with the slopes. 

Barry Arm and Harriman Fiord are from 1 to 3 miles wide and are bordered by steep 
fiord walls, rising from 3000 to 4000 feet within a mile of the fiord and with many peaks 
attaining greater heights, including Mt. Gilbert, 10,194 feet high, the highest peak in 
the western Chugach Mountains (PI. CXXVII), at a distance of 5^ miles from the 
fiord, Mt. Gannett,^ 9240 feet high (PI. CXXVIH), 6 miles from the fiord, and Mt. 
Muir, 8207 feet, 2 miles from the fiord. Harriman Fiord lies in the very heart of the 
Chugach Mountains and the northern slopes of Mts. Gilbert, Muir, and Gannett supply 
ice for the Xnik Glacier which flows northward to the Matanuska Valley and the 
head of Cook Inlet. A high glacier between Mt. Gilbert and Mt. Gannett, visible 
from Port Wells, is probably a part of the north-flowing glacier system. 

Previous Studies, The Barry Arm portion of Harriman Fiord was shown roughly 
upon maps by Vancouver in 1794,^ Applegate in 1887,® and Glenn,* Castner ® and Men- 

1 Named in 1910 for Heniy Gannett, Preaident of the National Geographic Society, who was a member 
of the Harriman Expedition in 1899 and who first mapped the ^acders of this fiord. 

1 Vancouver, Capt. George, A Voyage of Discovery to the North Pacific Ocean and Round the World, 
Vol. V, 1801, p. 812; map also in Davidson (see below), PI. V. 

> Applegate S., map in Davidson’s Glaciers of Alaska that are Shown on Russian charts or Mentioned in 
Older Narratives, Trans, and Proc. Geog. Soc. Pacific, Vol. 8, 1904, PI. XI, 

4 Glenn, £. F., War Dept., Adj. Gen. Office, No. XXV, 1899, pp. 19, 21, and map (in pocket). 

I Castner, J. C., Ibid,, p. 191. 
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denhall ^ in 1898, the Barry Glacier being briefly mentioned in the later accounts. In 
1794, 1887 and 1898 Barry Glacier extended nearly across to Point Doran, so that, 
from near Pt. Pakenham, at the northern end of Port Wells, Barry Arm seemed to 
terminate there. 

It was not until 1899 that the existence of the southwestern portion of the fiord was 
discovered by white men, though Grant states that native seal hunters had previously 
entered it. In that year, the Harriman Expedition, going close to the front of Bariy 
Glacier, discovered the inlet to the southwest which they entered and explored. The 
Harriman, Cataract, Surprise, Serpentine, and smaller glaciers were described for the 
first time by various members of the party,* including G. K. Gilbert.® A map was 
made by Gannett^ (PI. CXXIX, A), and the glaciation of Harriman Fiord and Port 
Wells was studied. 

In 1905, 1908 and 1909 Harriman Fiord was visited by Grant,® Paige and Higgins, 
who remapped the glaciers, taking many photographs, describing the great retreat of 
Bany Glacier from 1899 to 1909, and giving many new facts about the glaciers and 
glaciation of the region. 

The National Geographic Society's expedition of 1910 spent July 25th to August 2d 
in Harriman Fiord and Port Wells, studying the glaciers and the former glaciation,® 
making special maps of a number of the ice tongues, and soundings throughout Harri- 
man Fiord and Port Wells. 

Barry Olacier. Barry Glacier, heading in snowfields on Mt. Gannett and unnamed 
peaks 8000 to 9000 feet high, west of the cascading glaciers of College Fiord, has a 
known length of over 9 miles, and is about a mile wide in its lower valley. Close 
to the terminus it is joined by the Cascade and Coxe Glaciers, cascading tributaries 
each half a mile wide, which increase the width of the main glacier to a mile and three 
eighths at the terminus. The glacier ends in a wide ice precipice between 200 and 
800 feet high, discharging small icebergs. The slope of the main glacier surface is 350 
to 400 feet to the mile and it is severely crevassed from side to side. 

The Coxe and Cascade tributaries, severely-crevassed, cascading glaciers, slope 2000 
to 3000 feet to the mile. The former, heading in cirques near Mt. Coville ’ and Mt. 
Emerson, has no medial moraines. There is a lateral moraine on the west side but none 
on the east. This western lateral moraine coalesces with a lateral and east medial of 

I Mendenhall, W. C., 20th Ann. Rept., U. S. Geol. Survey, Part VIE, 1900, p. 825 and Map 16. 

1 Gannett, Henry, Nat. Geog. Mag., Vol. X, 1899, pp. 510-611; Bull. Amer. Geog. Soc., Vol. XXXI, 
1899, pp. 846-847, 354-855; Haniman Alaska Espeditioa, Vol. U, 1901, p. 263; also Muir, John, Rid^ 
Vol. I, 1901, pp. 182-183; also Burroughs, John, Ibid., Vol. I, 1901, pp. 71-74. Many of the photographs 
most useful in connection with the subsequent retreat of the glaciers are by C. Hart Merriam. 

> Gilbert, G. X., Haniman Alaska E^edition, Vol. m, 1904, pp. 89-97, 174, 176. 

* Ibid. PI. XI 11, fadng p. 80. 

■ Tidewater Glaciers of Prince William Soimd and Kenai Peninsula, Bull. U. S. Geol. Survey (in prep- 
aration); in Reid’s Variations of Gladers, Joum. Geol., Vol. XIV, 1906, p. 407; Ibid., Vol. XIV, 1908, 
p. 671; also maps in BuU. 284, IT. S. Geol. Survey, 1906, Pig. 4, p. 79; Ibid,, Bull. 879, 1909, PI. IV facing 
p, 88; Ibid., Bull. 448, 1910, Pb I. fadng p. 10, and PI. II, in podcet; Gladers of Port Wdls, Prince William 
Sound, Bull. Amer. Geog. Soc., Vol. XLHI, 1911, pp. 827-388. 

• Martin, Lawrence, Nat. Geog, M^., Vd. XXH, 1011, pp. 550-551, 558-560; Gletscheruntersuchungen 
longs der Xtlste von Alaska, Petermann’s Geog., Mitteilungen, Jahrgang 1912, Septemberheft, pp. 147-140; 
Collier’s Weekly, Vol. XLVII, No. 17, 1911, p. 20. 

^ Named in 1010 for Frederick V. Coville who visited this region in 1800 with the Harriman Expedition. 




Meaees Glacier in 1910 

PlLOtograplied froni Station D (Fig. 37). Shows advancmg northern margin. 



A. Generax View of H^vaed Glactee 

Showing portion of Chugach Mountains which it drains. Photograph from Station N (Map 7), July 22, 1910. 



B. Incmned Ends of Mbdiax MonAnsTES or Harvard Glacier 
Detailed view of part of ice cliff. Photograph, July 17, IglO. 





WlBTEEN MATlGm OF HaBVARD GlACIER 
Advanciiig into forest Photograph, July 21, 1910. 


Platb CXVI 



Glacier Advancing into Alder Thicket 
On northern margin of Smith Glacier. Photograph, July 22, 1910. 




Bbzw Mawb Glacier 

Showing vertical terminal ice cliff and relationship of medial moraines in tributaries. Photograph by Grant and Paigei, 1905 , from Photo Station O. 





Showing snowfidds and typical cascading glacier. Part of barren zone not yet covered. Photograph from Station R, July 22, 1910. 




Ltion, from Photo Station 






Plate CXXII 




Plate CXXIV 



A. General View of Yale Glacier 
Photograph by C. Hart Merriam, 1899. 
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B. Amherst and Crescent Glaciers 
From southern part of College Fiord. Photograph, July 25, 1910. 
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Stows large proportion of snow-covered area above the snow line in region of moderate slopes. Photograph from Station A, July, 1910. 
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the main glacier, forming a weak medial moraine which terminates near the eastern 
side of the glacier terminus. Near the western margin of Barry Glacier is an unusually 
strong, black medial moraine, separated from the valley wall by d strip of clean ice 
and by a strong black lateral moraine. 

Cascade Glacier (PI. CXXVIII), heading in 6000 to 8000 foot cirques on Mt. Gan- 
nett, descends over the lip of its hanging valley at a level of about 3000 feet with a 
lower step at 2100 feet. The western side of Cascade Glacier has a dark lateral mo- 
raine which becomes the western lateral of Barry Glacier below their confluence. The 
eastern side has none. 

Just above the entrance of Cascade Glacier the edge of Barry Glacier is forced up 
on a rock surface over which its western lateral moraine rides with a fine ribboned effect; 
but below this point the broad black moraine all but disappears, showing on the ter- 
minal ice cliff only as a faint, narrow band, slightly inclined. This disappearance of 
the moraine seems to be due to sliding down of fragments in the more severely crevassed 
lower end of the Barry Glacier where it is joined by the steeply-descending Cascade 
Glacier. 

Below their confluence the Cascade Glacier is compressed to half width by the stronger 
Bany Glacier, as the medial moraines prove. A broad medial moraine which remains 
nearly vertical at the terminal ice cliff forms a striking contrast to the inclined ends 
of the Harvard Glacier moraines. The Barry and Harvard and the Cascade and Rad- 
cliff e Glaciers have similar slopes; but the RadcUffe cascading glacier retains nearly 
full width at the ice front, compressing the main Harvard Glacier to half width, while 
in Harriman Fiord these relationships are reversed. 

There are several small glaciers near the Barry Glacier. The group between Mt. 
Coville and Mt. Curtis ^ terminate 3000 feet above sea level. Two in cirques and one 
in a hanging valley between Bany and Serpentine Glaciers terminate 2350 to 4000 feet 
above sea level. 

Recession. The position of Barry Glacier in 1794 was apparently about the same as 
in 1887, judging by Vancouver’s map. We have very little information about the 
condition of the glacier at this early date. Lieutenant Whidbey speaking of Barry Arm 
as “a bay, about a league and a half deep toward the N. N. W., in which were seen 
several shoals and much ice.” 

Applegate made no description of Barry Glacier in 1887. He went no nearer to it 
than Pt. Pakenham, marking the termination in about the same position as shown on 
the map of 1898, and showing no indication of the existence of Harriman Fiord, 

Mendenhall relates that in 1898 Barry Glacier was more extensive than either Har- 
vard or Yale Glaciers. Glenn, who in the same year named it for Col. Thomas H. Barry, 
said that it was “one of the most formidable as well as the most interesting” of the 
glaciers that they saw. Coming from it they saw “immense icebergs that had evi- 
dently broken off from the glacier. Many of these were from ten to twenty times as 
large as our boat.” * When they were near Yale Glacier, alternating two or three times 
an hour with the roar of snowslides, a “noise caused by the falling of the immense ice 
floes from Barry Glacier, could be heard like the rumbling of distant thunder and which 

^ Named in 1910 for E. C. Curtis who took many excellent photographs of this and other Prince William 
Sound gladers, at the time of his visit with the Harriman Expedition in 1899. 

■ The Salmo, a small steamer. 


21 



322 


ALASKAN GLACIER STUDIES 


seemed to shake the mountains on either side of us. We must have been at least 15 
miles from Barry Glacier, and yet we could distinctly hear the icebergs falling from 
it into the sea.” In May, 1898, Castner went up Barry Arm “to within a half mile 
of the sea end of the great glacier. Photographs were taken and the interesting 
manufacture of icebergs watched. The latter consisted of a breaking off and tumbling 
into the sea of tons of blue ice from the face of the glacier, accompanied by the roar of 
a Niagara, as the berg started on its ocean voyage, eventually to melt and become a 
part of the tides which now carried it away.” 

This description by Castner, with the mention of the great size of icebergs and the 
noises heard by Glenn from as far as Yale Glacier, a phenomenon not observed in 1910, 
are quoted because they suggest some very great activity in 1898. Field evidence, 
observed in 1910, in connection with a study of the distribution of the vegetation, in- 
dependently fixed 1898 as the date of the last great activity, which seems to have ceased 
before the visit of the Harriman Expedition the following year. 

It is possible that Barry Glacier barred Harriman Fiord in 1898, perhaps all but 
touching Pt. Doran. But the absence of a barren zone on Pt. Doran proves that the 
glacier did not actually rest upon this point. This is probably because of the extremely 
strong tides which were observed here even in 1910 after Barry Glacier had retreated 
Si miles. In 1899 the glacier front stood about i of a mile from Pt. Doran, as Gan- 
nett’s map shows. The narrative and photographs by members of the Harriman Expe- 
dition indicate that the discharge of large icebergs, and the unusual noises observed 
by Castner and Glenn a year before, had ceased. Gilbert’s description of the 1899 
conditions is as follows: 

“Barry Glacier, at the entrance to the fiord, approaches from the north-northeast. 
Its low grade indicates a distant source . .. it impressed the beholder as one of 
the largest ice rivers of Port Wells. Its peculiar relation to the fiord causes it to be 
swept by the passing tide and prevents the accumulation of icebergs about its front, 
but the same relation exposes it to exceptionally rapid melting by the sea, and the 
conflict of ice current with tidal current must be active. The forward flow of the ice 
tends to narrow the strait, and this constriction, by increasing the speed of the tide, 
enhances the melting power of the water. The fact that the glacier was able to occupy 
two thirds of the width of the fiord indicates that its forward movement was strong, 

“Its morames were of small relative importance, but a belt along the western margin 
was darkened by drift and there were two medials. One of the latter, exhibited in 
section in the face of the cliff, was seen to be the surface outcrop of a sheet of drift- 
charged ice which extended obliquely downward, passing under the western portion 
of the stream. 

“The cliff was further diversified by a number of caves at the water’s edge, supposed 
to be the mouths of englacial streams. 

“Connected with the eastern edge of the ice was a long, narrow tongue attached to 
the shore (PI. CXXX, A), evidently a remnant left by the glacier at some very 
recent date when its front was more extensive. As this strip was not protected by 
gravel, it must have been wasting rapidly, and the period of its separation may have 
been only a few months, I was in doubt whether to ascribe it to a progressive shrink- 
age of the glacier or to seasonal variation. On the same coast the forest did not ap- 
proach the glacier closely at the water line, but passed above it, leaving a barren zone 
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several hundred feet broad. The common boundary of the barren zone and forest was 
so well defined as to indicate that it represented a former limit of the ice, but there 
were no overturned trees. If the forest ever occupied the barren zone, and was there 
destroyed by an advance of the glacier, the occurrence was so long ago that the over- 
turned tree trunks had disappeared through decay. The portions of the forest nearest 
the ice included no trees of large size, but as there were many standing dead trunks 
it is probable that the growth was mature and that the small size of the trees indicated 
merely conditions unfavorable to luxuriant growth. Translating these facts into terms 
of glacial history, it seems probable that the Barry had been, at sometime within the 
century, somewhat larger than when we saw it, but that it has not for a series of centu- 
ries exceeded the limit marked out by the neighboring forest. If any change had occurred 
within the last year or two it was of diminution. 

‘*The opposite wall of the fiord is forested down 
to the water’s edge, and it is thus shown that no 
recent advance of the glacier has carried it com- 
pletely across the channel.” 

By 1905 Grant reports that “the extreme front 
of Barry Glacier . . . has retreated at least a 

mile ^ since 1899. The long front which projected 
into Doran Strait for nearly two miles has entirely 
disappeared, and the front is now nearly straight 
across. The little tongue of ice which lay along 
the east side of the glacier has also disappeared.” 

A photograph from Pt. Doran by Grant and Paige 
in 1905 (PL CXXX, B) shows this retreat graphi- 
cally in comparison with a photo^aph by Merriam; 
from nearly the same site, showing enormous 
changes both on the southwest and the southeast. 

Barry Glacier was revisited by Grant in 1908 and 
“its front was found to have retreated on the east 
side about a fourth of a mile, and more than this on the west side,” * Grant’s 1909 
photographs (PI. CXXXI, A) show that a year later the retreat of the western edge 
had increased about 880 feet, and he has stated that the middle of the glacier had 
retreated half a mile. At this time Higgins made the map of Barry Glacier reproduced 
in Fig. 44, also showing graphically a decade of this retreat. 

In July, 1910, the National Geographic Society’s expedition foimd that the amount 
of retreat of Barry Glacier during the previous year was about 1600 feet on the eastern 
side and 500 feet on the western. There were disconnected ice masses above and in 
front of the glacier, in the area of fiord wall exposed by melting during that year. 

At the terminus of the glacier in 1910, the vertical thinning by ablation during the 
Si mile retreat from 1898 to 1910, amounted to 900 feet on the western and 1000 feet on 
the eastern side. Between the Cascade and Barry Glaciers, the ice surface was lowered 
650 feet, and between Coxe and Barry Glaciers 700 feet. The curving medial moraines 

1 Given in a later publicatioii as 1 JS miles. 

* About 2200 feet on the western side, as measured on a photograph. Grant and Higgins state that the 
retreat in this period was four-tenths of a mile along the axis of the glacier. 



Showing recession from 1809 to 1909 
(After Grant and Hig^ns) , 
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large striated bowlders and some buried trunks of trees, some of them 15 to 82 inches 
in diameter. Outside this moraine there are occasional peat rolls and, rarely, duplicate 
parallel push moraines. 

Upon this western lateral moraine are only scattered shrubs including eleven year old 
alders and younger spruces; but extending down to the very edge of the moraine is a thick, 
mature, coniferous forest with closely-spaced trees a foot or two in diameter, deep moss 
and peat, and a luxuriant growth of grasses, forming a striking contrast to the barren 
zone below. Although the overwhelming majority of trees outside the barren zone are 
alive, there is an occasional dead tree standing erect, and there are many which were 
overturned, but not overridden, by the ice edge which formed the lateral moraine. Some 
of these trees have fallen outward into the forest; some fell toward the ice and rest upon 
the moraine; and in places there is an inextricable tangle of fallen trunks. The condi- 
tions in 1910 vividly recalled those seen a few weeks before along the margins of Columbia 
Glacier which was then advancing into the forest, as Barry Glacier must have been doing 
during and just before 1898. 

Along the eastern shore of Barry Arm, there is a similar lateral moraine at the edge 
of the barren zone. It is usually from 6 to 10 feet high, but rises higher where it crosses 
the mouths of gullies. It extends up to the very edge of thick mature forest, and contains 
rill, gravel, bowlders and wood, as in the case across the fiord. In places this margin has 
windrows of dead tree trunks, some of them 32 to 40 inches in diameter. On the mo- 
raine are young alders, willows, and spruces. We counted the annual rings in one 
spruce 3 inches in diameter, the largest seen growing on the moraine, and found it to be 
11 years old. Outside the moraine were some dead trees still standing erect, and a 
number of spruces and hemlocks whose tops had been broken off 15 to 25 feet above the 
ground evidently by ice splinters projecting beyond the lateral moraine, as observed in 
progress at Columbia Glacier. The broken tree tops lay at the foot of the trunks, which 
were sometimes inclined and sometimes erect. In several cases the broken tree had 
sprouted a new top, two or three inches in diameter and always growing erect even on 
inclined trees. Outside the moraine the forest had thick moss and gave every indication 
of long, uninterrupted growth. A tree, newly sawed off, which was 22^ inches in 
diameter had 225 annual rings, suggesting that the fallen trunks which measure 32 to 40 
inches in diameter were not less than two centuries and perhaps three or four centuries 
old. This furnishes a basis for computing the length of time that has elapsed since there 
has been a glacial advance as extensive as that ending in 1898. 

Up to an elevation of 1000 feet this eastern lateral moraine slopes at an average rate of 
450 feet to the mile, then flattens to hoiizontality ; ascending again north of Coxe Glacier. 
The Harriman Expedition photographs and Gilbert’s description prove that since the 
ma xim u m of this advance there had been sufficient melting so that by 1899 the ice had 
shrunk away from the edge of the eastern lateral moraine, exposijng part of the barren 
zone. 

Within the area occupied in 1899 by the long, narrow, southeastern projection of the 
glacier a stream from the mountain side had built up an alluvial deposit against the ice 
^8©. This deposit now stands eiqiosed as a terrace, cut into by the stream and with the 
ice contact slope descending so steeply that some of the gravd has slid down since the 
supporting ice wall was removed by recession of the glacier. 

On the steeper slopies of both lateral moraines, near the glacier, stones from the outer 
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sides were continually rolling down at tlie time of our visit, because the ice contact slopes 
of the lateral moraines were too steep for equilibrium after the supporting glacier margin 
had been removed by melting. 

Serpentine Glacier — The Glacier, The Serpentine Glacier (Pig. 45), which descends 
from the snowfields and cirques (PL CXXXLtI) on the slopes of Mounts Gilbert and 



Fig. 45. Map of Lowdb Em> of SuBPBNnmD Glacieb in 1910. 


Showing moraines, outwa^ gravels and barren zone. Soundings in feet. 

Muir, is about miles long and J of a mile wide in its mountain valley. At the 
terminus the width is nearly a mile; and the western half, which ends on the land, pro- 
jects a half mile farther south than the eastern half, which terminates in a cove of 
Harriman Fiord. The tidal portion of the glacier terminates in an ice cliff (PL 
CXXXIII) about £000 feet in length and £00 feet in height, rising out of shallow 
water a mile from Harriman Fiord. A few small icebergs were discharged, mostly by 
cascading down the terminus. A rock ledge is exposed beneath the eastern margin. 
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In contrast to this tidal cliff is the projecting south half of the ice front, a low, sloping 
surface, with crevasses nearly healed, easy to traverse and thinly veneered with ablation 
■ moraine. In front of it is a small area of slumping d6bris from which much water emerges, 
proving that part of the flat is underlain by buried ice blocks. Indeed black ice is revealed 
in places. This projection of the glacier on the western side is due partly to the pro- 
tection furnished by the morainic cover and partly to the fact that the salt water has un- 
dercut the eastern cliff and caused it to retreat faster. 

Serpentine Glacier is fed by four or five moderate-sized tributaries from high cirques 
on Mt. Gilbert, by one from the 6683 foot peak west of Cascade Glacier, and by a large 
tributary which descends steeply from the slopes of Mt. Muir and enters on the western 
side about half a mile from the terminus. Farther south on the slopes of Mt. Muir there 
are also twin cascading glaciers, formerly tributaries of the Sei3)entine, which now 
terminate about 3000 feet above sea level. 

The white surface of Serpentine Glacier is diversified by a number of medial moraine 
stripes; and there is a pronounced lateral moraine ridge (H. CXXXDI) on the eastern 
side, left standing by recent retreat. The glacier slopes moderately and is not as 
severely crevassed as Barry Glacier, although in the last few hundred feet of descent 
to the water’s edge the slope is so steep that travel upon this part of the ice surface was 
impossible. 

Besides the rock ledges beneath the eastern edge of the tidal ice cliff, and the bare rock 
slopes along the eastern margin of the glacier, there are strong rock ledges near the west- 
ern margin, one of them cut through by a shallow, smoothly-scoured gorge with vertical 
walls but with no stream at present. Its upper end hangs m the air, and below its ter- 
minus are stony stream deposits. 

Slight Change. Between the time of its discovery by the Harriman Expedition in 
1899 and our own studies in 1910, the terminus of the Serpentine Glacier has not changed 
appreciably except in thinning and slight shortening described by Grant and Higgins, 
on the basis of observations and photographs in 1905 and 1909. Gannett mapped the 
glacier in a general way in 1899 (PI. CXXIX, A) and Higgins in more detail ten years 
later. It is shown upon our 1910 map (Fig. 45). 

Moraines. There is clear evidence that not many years ago Serpentine Glacier ex- 
tended at least a mile farther than now, and that it ended in Harriman Fiord with a tidal 
ice front 1 J miles or more in length. This is proved by terminal and lateral moraine 
deposits and by a barren zone near the terminus of the glacier, containing only scattered 
small shrubs and mosses. 

The terminal moraine varies considerably in character, and most of it is free from 
slumping. The western part is a broad, gently-undulating surface rising perhaps 50 
feet above sea level, but being higher and more hummocky on the southeastern border. 
There is much bare rock, mostly angular and without striae. The eastern portion is a 
submerged bar extending completely across the mouth of the cove, except for two narrow 
gaps. At high tide this moraine bar is completely covered; but at low tide nearly the 
whole of it is exposed. Inside the bar is the cove in which Seipentine Glacier terminates, 
and in this cove the water is from 30 to 51 feet deep, while at the entrance the greatest 
depth is only 12 feet. Since the formerly expanded glacier spread out into the bulb 
shape, it will be seen that the site of this cove inside the crescentic terminal moraine, 
where there was melting of clean ice without enough d6bris to fill the shallow inden- 
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tation may correspond to the interior flats described in several of the Yakutat Bay 
glaciers. 

The lateral moraine on the eastern side of the glacier, mentioned by Gilbert, is one of 
the best developed deposits of this sort which we have seen in Alaska (PL CXXXIH)- 
It is a narrow-crested ridge SO to 50 feet high and with so sharp a crest that it is diffi- 
cult to walk upon it. On the western side of this ridge is a bare slope of ground 
moraine and bed rock extending to the shores of the cove, and to the present border of 
the glacier; on the eastern side it is bordered by dense mature forest. This lateral 
moraine is a conspicuous object in the region, curving northward along the margin 
of Serpentine Glacier for a distance of over a mile, beyond which it could not be seen 
from sea level. There is a less conspicuous lateral moraine above the western border 
of the glacier near the terminus, and extending a short distance up the valley. There is 
also a well developed moraine between the main glacier and the large tributary on the 
west. 

The barren zone, previously noted by Grant and Higgins, comprises all of the area be- 
tween these lateral moraines, the terminal moraine, and the glacier. It has been covered 
so recently by the ice that there are only scattered shrubs on the surface, most of the 
alders being 23 to 27 years old, while the oldest spruce seen had 26 annual rings. 

There is an older terminal moraine outside the one described above, the only remnant 
of it being preserved southwest of the glacier where it is very hummocky, and includes 
many large bowlders. This moraine rises to a height of approximately 50 or 75 feet and 
has a wedge-shape (Fig. 45) with the point of the wedge on the shore of Harriman Fiord, 
whence it broadens westward, in a half mile attaining a width of 2000 feet. Probably 
this wedge-shape is due to the fact that the eastern portion of the older moraine was 
destroyed by the recent advance already described. That this outer moraine was made 
long before the inner moraine is proved by the presence of older trees upon it, there being 
a thick growth of willow and alder and many spruces and hemlocks nearly a century old. 
The oldest tree examined was a foot in diameter and had 93 annual rings. The forest 
on this older moraine is, however, younger and less open than the normal mature forest, 
such as that outside the lateral moraine to the east of the glacier. 

Ouhjoash. The southern side of the older terminal moraine is flanked by a narrow 
strip, or apron, of outwash gravel and beach deposits, less than one-eighth of a mile 
wide at low tide, and only 200 to 350 feet wide at high tide. The vegetation proves that 
most of this outwash gravel flat is associated in origin with the older advance. Most 
of it is covered with grass, but there are scattered groups of mature trees upon its surface. 

Crossing this older terminal moraine, and covering parts of the low, undulating sur- 
face of the inner moraine, is a small area of outwash graveL built from the present ice 
front. Since until recently streams have flowed over it and it has been undetermined 
by slumping, there is little vegetation on its surface, the oldest shrubs observed being 
but 8 years old. Two conspicuous stream-cut channels extend from this inner area of 
outwash gravels across the older terminal moraine and outwash apron to the sea. They 
are 1300 and 2000 feet in length, respectively, and where they cross the outer moraine 
axe from 50 to 300 feet in width. Each of them is now abandoned and they were evi- 
dently formed at the time of the last advance, when the ice partly destroyed the older 
terminal moraine and when the glacial streams flowed across the older moraine. In the 
bottoms of these channels are stream-bome gravels, and abandoned terraces. The scat- 
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tered young shrubs that grow there contrast with the older trees of the moraine on either 
side and with the thick grass of the older, outer, outwash apron. 

Bdker Olader — General Description. Baker Glacier is a small, steeply-cascading ice 
tongue, descending from a level of 5000 to 6000 feet in a series of cirques on the southwest- 
ern side of Mt. Muir. It has a total length of less than 2 miles (Kg. 46) and terminates 
about 1300 to 1500 feet above the level of the fiord. At the terminus the width is 3000 
feet. The glacier ends on a very steep slope and a narrow pendant ice tongue with a 
length of 800 feet and a width of 300 feet extends forward from the terminus, its lower 

end being about 700 feet 
above the fiord. All of 
the glacier is white, 
considerably crevassed, 
and without moraines, 
Advance. Photo- 
graphs by the Harri- 
man Expedition m 1899 
and by Grant, Paige, 
and Higgins in 1905 
and 1909 show that, 
except in one respect, 
the main features of 
this glacier have re- 
mained unchanged. 
There was no appreci- 
able change from 1899 
to 1905, but a slight 
advance began between 
1905 and 1909, as noted 
by Grant and Higgins. 

Fig. 46. Baeeb GiiAcnnH jn 1910, Showing Snow Fan, MoEAiNas and This advance continued 
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up to 1910, particularly 


on the north side. Al- 


though the form of the glacier front changed very little, the advance was appreciable 
in photographs. 


The Snow Fan. The most conspicuous result of this advance was the increase in dis- 


charge of ice from the front of the glacier, which ended on such a steep slope that at the 
time of our visit blocks of ice were constantly rolling down. In 1905 there was so small 
a discharge of ice blocks that no accumulation at the cliff base is visible in the 1905 photo- 
graph; in 1909 a great snow fan or talus remained until the last of June; in 1910 this 
was even larger and formed a conspicuous deposit made up of snow and great blocks of 
ice, some 10 to 15 feet in diameter. When we saw it in July and August, 1910, the accu- 
mulation was evidently made up mainly of material that had gathered and remained 
unmelted during the previous summers, for a large amount of the material between the 
ice blocks was old snow; but ice blocks were still rolling down and adding to the deposit. 
This increase in ice block avalanches is clear evidence of an advance, and apparently 
represents an ^rly stage in the development of a reconstructed glacier; but the deposit 




GLACIERS OP HAIffilMAN FIORD AND PORT WELLS 


SSI 


was distinctly not of glacial character when we saw it; it had no motion and was more 
like a talus deposit than anything else. 

Moraine and Ouiwash. A noteworthy feature, giving to Baker Glacier an interest 
out of proportion to its present size and activity, is the fact that in former times it has 
-been of greater size, descending the mountain slope and spreading out at its base in a bulb, 
almost exactly as the Vassar Glacier in College Fiord does at present. Evidence of this 
•expansion is found in the narrow, piedmont coastal plain in front (Fig. 46). This has a 
total width of 2000 or 3000 feet and is made up of a compound, crescentic moraine, out- 
side which are isolated strips of outwash gravels, while on the inner side is a smaller 
area of outwash between the terminal moraine and the foot of the snow fan. The two 
outer areas of outwash are alluvial fans 1000 and 1400 feet wide lying to the right and 
left of the terminal moraine, which extends to the fiord between them. 

The terminal moraine is spoken of as compound because of the evidence of two stages 
in its building; but the deposit is essentially one continuous crescentic mass of knobs and 
lidges, hollows with lakes, and undrained areas. The largest of the lakes is over 1500 
feet long, but all of the others are very small. The local relief is 20 or 25 feet. This mo- 
raine is very stony and in places has no trees, but there are many lichens. The larger 
part of the outer morainic accumulation is densely covered with forest. Near the inner 
moraine are willows up to 29 years of age and alders as much as 30 years old. Farther 
out are mature thickly-set spruces and hemlodbs, including trees with 98 to 110 annual 
rings. The eastern side of this outer moraine extends down to Harriman Fiord, but the 
western side is separated from the fiord by an alluvial fan of older outwash which we 
associate with the older moraine because of the age of the trees and shrubs upon it. 
The older outwash fan on the eastern side supports a dense growth of grass, proving that 
no glacial streams now flow across it; but there is little other vegetation. 

The inner part of the terminal moraine extends in a much narrower crescent than the 
outer. That it was formed in a relatively recent stage of activity of Baker Glacier is 
proved by the fact that its irregular surface is not thickly moss covered, as the outer 
moraine is, and none of the scattered willows and alders are more than 17 or 18 years 
old. 

Outwash deposits are still being made, on the lower slopes of the inner moraine, being 
supplied with water from the glacier and the snow fan. Some of the streams flow directly 
down the mountains from the eastern edge of the glacier; but several, after emerging 
from the glacier, flow down over the rock wall for about 200 feet, then disappear beneath 
the upper edge of the snow fan, emerging at its lower edge. Two large streams flow over 
the inner area of outwash gravels and across the terminal moraine hillocks in deeply 
cut guUeys. Each of these streams is also continuing the building of the outer alluvial 
fans; but in contrast to the older outwash described above, the gravels now being de- 
posited have no vegetation upon their surface. 

Surprise Glacier — Description, The Sujprise Glacier (PL CXXXIV) has a known 
length of over 4 miles, and a width at the terminus of 3850 feet. Six tributaries are 
known (PI. CXXXV), but since the grade is stiU low at the most westerly point visible 
from the fiord, it seems probable that the glacier is even longer and fed by a still larger 
number of tributaries. The terminal ice cliff is 272 feet high in the middle, and 214 
feet high on the northern margin, while back of it is a terminal cascade with a slope 
of 1900 to 2800 feet to the mile, above which the grade flattens. The glacier surface, 
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Era. 47. Lowsm Ends of Surprise, Cataract. Detached and Baker Glaoiebb in 1910. 


of the terminus just coalesced with the western edge of Cataract Glacier ^ (PL CXXIX, 
A). In 1910 a pronounced cape projected forward a thousand feet, just north of the 
middle of the glacier front, and on its southern side two rock ledges were visible 

1 This fact, shown both on Gannett’s map and the Harriman Expedition photograph, must have been oveiv 
looked by Grant and Higgins in their statement that in 1890 the two glaciers were separated a quarter off 
a mile. 






GLACIERS OF HARRIMAN FIORD AND PORT WELLS 


333 


Leneath the glacier, the larger one being about 600 feet long. These ledges, seen by 
Grant and Higgins in 1909 but not in 1905, increased in area from 1909 to 1910, when the 
glacier seemed to be descending steeply over them. They may mark the head of the 
fiord. 

From this point eastward to Cataract Glacier in 1899 the ice surface was rather flat, 
and Gilbert noted that it terminated in a lofty diff. 

Barren Zone, A bare zone, whose area increased from 1899 to 1909, as noted by Grant 
and Higgins, extends eastward on each fiord wall as far as Cataract Glacier and marks 
the 1899 position of Surprise Glacier. Its upper boundary ascends rapidly westward 
and in 1910 attained a width of from 300 to 500 feet. Within this barren zone there was 
almost no vegetation; but there are extensive bare rock slopes on which vegetation will 
start slowly. The presence of a barren area 150 to 300 feet wide above the present sur- 
face of the Surprise Glacier on both sides shows that during the retreat of about li 
miles the glacier has also diminished notably in width and thickness. 

Detached Glacier. Detached and Cataract Glaciers are cascading tongues formerly 
tributaries of Surprise Glacier from the north and south respectively. Detached Glacier 
descends from a cirque on Mt. Muir. It is about 1^ miles long, 3500 feet wide, and has 
a projecting terminus about 1200 feet wide, which descends on the fiord wall to within 
a quarter of a mile of the sea, terminating 1338 feet above sea level (Fig. 47). 
Several streams from various points along the terminus of Detached Glacier, 
(PI. CXXXTV) descend the fiord wall in deep-cut gorges. In 1910 there was a moderate 
sized barren zone around the terminus, across which ice fragments from the glacier 
occasionally roUed, falling into the alder thickets and into one of the deep gullies below. 

The glacier changed very little, if any, between 1899 and 1910, and Gannett’s map and 
several 1899 photographs show that it was already detached from the Surprise Glacier, 
which at that time extended down the fiord beyond the terminus of Detached Glacier. 

Cataract Glacier — Cascading Terminus. Cataract Glacier, which is a mile and a half 
long and 1100 to 1600 feet wide (Fig. 47), differs from Detached Glacier in still 
descending the fiord wall to sea level. This is because it occupies a northern slope 
where melting is minimized and because it has considerably larger snowfields than 
Detached Glacier. Only its cascading terminus is plainly visible from the fiord and 
above its hanging valley lip we have not studied it. At the 1860 foot level a northern 
lobe about 1200 feet in length and 200 to 300 feet in width projects from Cataract 
Glacier, terminating 1254 feet above the fiord. Several slender streams, with foaming 
cascades, descend the fiord wall from this terminus. 

Cataract Glacier is the only cascading glacier in Harriman Fiord which is now active 
enough to descend the fiord wall to the sea, as so many slightly-larger cascading glaciers 
do in College Fiord. The glacier emerges from its hanging valley at about the 2000 
foot level, descends the fiord wall (PI. CXXXV) at the rate of 2850 feet per mile and 
terminates in a vertical cliff 50 feet or more in height, which rises out of such shallow 
water that there is practically no undercutting by the sea. Therefore the icebergs from 
Cataract Glacier are both small and few in number. Most of the glacier surface is 
severely crevassed, but the eastern edge has a low, sloping terminus, more or less mantled 
with ablation moraine, over which it is easy to walk. The end of the glacier divides 
over a low, striated, rock spur. 

Advance. Cataract Glacier was beginning to advance in 1910, after having remained 
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in about the same position from 1899 to 1909, as indicated by comparison of the photo- 
graphs by the Harriman Espedition and by Grant and Biggins. At the western margin 
the advancing ice was overriding shrubs of willow and alder, and there were ice blocks 
sliding from the lateral cliflfs into the alders; but higher up on the mountain slope the 
western margin of the glacier had not yet overridden the whole of its narrow barren zone; 
and there was still a barren zone on the eastern side extending from 100 to 700 feet beyond 
the glacier. At the outer edge of this barren zone is a small lateral moraine. 

Harriman Glacier — General Description. B[arriman Glacier, which is at least 9 miles 
long and about a mile wide at the terminus, flows northeastward into the extreme south- 
ern end of Harriman Fiord. Its whole surface is moderately crevassed, and it is quite 
free from moraines, there being two medial moraines near the southern side but no 
lateral moraines. The terminus is a vertical cliff 200 to 300 feet high, from which many 
icebergs are discharged. Six or seven hundred feet from the middle of the ice front 
the water is only 90 feet deep. 

N6v6-Sheaihed Slopes. Harriman Glacier differs from most of the others in the Port 
Wells region in the nature of its tributaries. Instead of being fed by a number of well- 
defined tributaries, occupying subordinate vaUeys and each with a length of several 
miles, it is fed by a considerable number of rather short cascading tributaries, from cirques 
in peaks 5815 to 8206 feet high. The longest tributary seen from Harriman Fiord is 
not over a mile or two in length. A great deal of the ice is supplied from n6v6 fields be- 
tween these short tributaries. These n6v6 fields (PI. CXXXVI) are intermediate be- 
tween the snowfields arid the ice tongue, and around the borders of Harriman Glacier, 
large areas of mountain slope are completely sheathed with such n6v6 ice. On the 
sketch maps by Gannett and by Grant and Higgins these areas of n6v6 are not spe- 
cifically distinguished from true ice tongues; and it would indeed be impossible to map 
them accurately without the most detailed work in the n4v6 area. 

The phenomenon of ice-sheathed or n6v4-sheathed mountain slopes, developed on a 
large scale in Harriman Fiord, is a common feature of Alaskan glaciation of the present 
time found in other areas, as in Passage Canal, along the eastern side of Lynn Canal in 
southeastern Alaska, and doubtless in many other localities where the snowfall is great 
and the snow line is rather low. If the snowfall should decrease slightly it seems 
likely that these n4v6-sheathed slopes would become bare and that the short tributaries 
would shrink and become better-defined, though smaller, ice tongues than at present. 

Retreat The front of Harriman Glacier has oscillated considerably since 1899 when 
it was described by Gilbert and mapped by Gannett. Previous to that year there 
seems to have been some retreat, for Gilbert observed that the glacier was not ‘‘closely 
approached by forest growth, but shrubs were seen on the shore of the fiord within a 
few hundred yards of the ice.’* This suggests a narrow barren zone. 

Grant and Higgins state that “photographs of the eastern side of the front of Harri- 
man Glacier taken from Point H (Fig. 50) in 1905 and 1909 show that this side of the 
glacier (eastern) retreated approximately 700 feet between these dates. A comparison 
of an 1899 photograph with the above indicates that between 1899 and 1905 the east side 
of the glacier retreated about half the above distance. As the two photographs were 
not taken from the same point this estimate of the retreat between 1899 and 1905 is 
only approximate. On the west side of the ice front a careful examination in 1909 of the 
glacier from the position of a photograph taken in 1899 showed no noticeable difference 
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in the position of the glacial front. In 1899 a considerable embayment existed in the 
eastern third of this glacier, but was not present in 1905 and 1909.” 

Advance. It is clear that there was more or less continuous retreat of Harriman Glacier 
during the decade following its discovery; but between 1909 and 1910, an advance was 
instituted. This was clearly shown on August 1, 1910, when a comparison with the 
glacier front of the Harriman Expedition photography alluded to by Grant, showed an 
advance of the western margin of 700 feet (PL CXXXVH), accompanied by great 
thickening at the terminus. The western gravel bar, shown in another Harriman 
Expedition photograph, upon which the margin of the glacier terminated in 1899, 
was not visible at the time of our only visit, which was near high tide while the 1899 
picture was taken when the tide was part way out. On the land near by, however, 
we saw the glacier advancing and destroying alder by overriding and by sliding down 
of ice blocks. 

The 1909 observations of Grant and Higgins make it certain that the change from re- 
treat to advance came between 1909 and 1910 and that the whole of the 700 feet advance 
was during the last year. The eastern margin also advanced, coming forward the whole 
distance that it had retreated from 1899 to 1909, In 1910 it seemed to be slightly be- 
yond the 1899 position and there was much thickening of the eastern terminus, which 
Gilbert says was “low and irregular” and rested on a “detrital bank” in 1899, which was 
not visible in 1910. There seems to have been far more iceberg discharge in 1910 than 
in 1899. 

In addition to the advance and thickening of the part of the eastern margin on the 
shores of the bay, the glacier was advancing on the land. Annual plants in the barren 
zone were being buried and a ridge of push moraine a foot or two high lay at the base 
of a lofty, uncrevassed ice cliff. On August 1, this ice cliff was 158 feet from an older 
terminal moraine which marked the maximum of a former advance, doubtless before 
1899. 

The oscillations of Harriman Glader during the period of observation may be summa- 
rized as follows. 


Date 

OscHlatioii 

Amount 

Observer 

Before June 27, 1899 

Probably retreat 


Gilbert 

June 27, 1899, to Aug. 20, 1905 

Retreat 

About 350 feet 

Grant and Paige 

Aug. 20, 1905, to June 29, 1909 

Retreat continued 

700 feet 

Grant and Higgins 

June 29, 1909, to Aug. 1, 1910 

Advance 

700-1050 feet 

Martin 


Dirty Olacier. There are a number of smaller ice tongues in southern Harriman Fiord, 
includmg one or two in hanging valleys above Harriman Glacier (PL CXXXVII), of 
which they are disconnected tributaries, and eight or more farther north in the fiord 
which were formerly tributaries of the extended Harriman Glacier. 

Of these ice tongues the Dirty Glacier, on the eastern side of the fiord, just north of 
Harriman Glacier terminus, is exceptional in having ablation moraine cover over a large 
proportion of the terminus. Its n6v6 fields coalesce with those of Harriman Glacier, and 
although it has a steeper grade than the Harriman it contrasts strongly with neighboring 
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cascading ice tongues, like Roaring Glacier, for it slopes at an angle of only about 12®. 
It ends 100 feet or less above the level of the fiord, from which it is separated by an out- 
wash gravel fan, and by a morainic area with many small ponds. There was practically 
no change in this glacier from 1899 to 1910, but in former times it evidently expanded 
and formed a bulb glacier, and still earlier was tributary to Harriman Glacier. 

Roaring Glacier, Roaring Glacier, three-fourths of a mile north of Harriman Glacier, 
on the northwestern side of the fiord, is spoken of by Gilbert as an ice tongue which 
^*owes the peculiarity suggesting its name to an abrupt change of grade. From a com- 
paratively gentle slope it passes to one so steep that loose masses find no lodgment, and 
as its movement steadily projects its end beyond the point of inflection, fragments of 
ice break away and tumble down the steep incline, to gather in a heap far below, where 
they lie imtil melted.” 

It seems to have been less active in 1905 than in 1899, for a photograph by Grant and 
Paige shows that in 1905 there was no heap of ice fragments below the glacier, but that, 
as in the case of Baker Glacier in the same year, there was an extensive area of bare rock 
below the terminus. 

Roaring Glacier became more active between 1905 and 1910 for the barren zone, which 
was free from snow in August, 1905, was partly covered in August, 1910, by an extensive 
snow and ice block fan, similar to that of Baker Glacier. This fan could only have been 
formed by an increase in activity of the glacier with accompanying sliding down of many 
ice blocks from the terminus, which is 700 to 1000 feet above the fiord. Advance seemed 
to be still going on in August, 1910. 

Roaring Glacier has evidently descended to fiord level since it became independent of 
Harriman Glacier, for around the borders of the snow fan there is a crescentic terminal 
moraine, the outer part of which is covered with shrubs. It extends down to the fiord, 
where it makes a small cape; and since it rises steeply from the water’s edge, it is evident 
that the glacier reached tidewater when last expanded. The crescentic character of this 
<leposit shows that it was not built by Harriman Glacier, but the knobby morainic 
topography does not absolutely preclude the possibility of its having been built by an 
avalanche rather than by a bulb-shaped extension of Roaring Glacier, though we do not 
think this avalanche origin likely. 

Wedge Glacier. Wedge Glacier lies on the eastern side of the fiord, opposite Roaring 
Glacier (Fig. 50). Its general shape is indicated by its name, forming a striking contrast 
with ice tongues, like Dirty Glacier, that have bulb or fan-like termini. Wedge Glacier 
ends in a narrow valley a few hundred feet above the fiord, and except in detached spots 
was covered with snow clear to the end in August, 1910. 

Smaller Glaciers. Two unnamed ice tongues north of Wedge Glacier have snowfields 
which coalesce with that of Toboggan Glacier and terminate i and f of a male re- 
spectively from the fiord. Three smallice tongues on the western side of the fiord between 
Roaring and Cataract Glaciers, together with Roaring Glacier, two glaciers in hanging 
vall^s above the northwestern end of Harriman Glacier, and several others, fall in a 
■class described by Gilbert. He says, they “occupy elevated valleys far above the main 
trough, and these upland valleys probably constitute a system initiated at an earlier 
epoch, when the fiord was flooded with ice to a greater depth. . No measure- 

ments were made, but it is evident from an inspection of photographs that the heights 
of such features in this neighborhood are approximately the same as in the vicinity of 
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Seipentine and Surprise 'Glaciers, and it is possible that a number of minor glaciers ob« 
served on both sides of the fiord constitute with these a general system.” 

Toboggan Olacier — The Ice Tongue, Toboggan Glacier, on the eastern side of Harri- 
man Fiord, nearly opposite Seipentine Glacier, descends the fiord wall from a snowfield 
of unknown extent, from which, three miles to the south, two smaller ice tongues also 
project. The valley portion of this cascading glacier is about a mile long and from an 
eighth to a quarter of a mile wide. Below the lip of its hanging valley it has not as steep 
an ice cascade as the Cataract Glacier and the cascading glaciers of College Fiord have, 
although it has a slope averaging 1£° to 14®, steepening to £9® to SI® at the end. The 
glacier is clean, except for a medial moraine of black slate, near the northern border, 
and two small V-shaped areas of ablation moraine at the terminus. 

At the terminus (Pig. 48) is a ledge of black slate 1£ to 15 feet high, lying exactly at the 
northern end of the medial moraine, and the main glacial stream emerges from an ice cave 
immediately west of this. The glacier partly covered this ledge in 1910, sloping back 
evenly from its top. West of this ledge is a low slate outcrop beneath the terminus of 
the glacier. One isolated morainic hummock, 15 or £0 feet from the glacier, and just 
west of the stream, stUl had ice in it and was rapidly slumping. The rest of the ice front 
seemed to rest upon the edge of the gravels, nowhere underlying them, and causing 
slumping through melting. 

The Outwash Gravels. In 1910, Toboggan Glacier terminated just inside its mountain 
valley, a little over a quarter of a mile from the fiord (1600. feet), at an elevation of about 
11£ feet above sea level. Between it and the fiord was a veiy symmetrical outwash 
gravel plain, projecting into the fiord for about an eighth of a mile as a delta. Above the 
surface of this outwash fan, which slopes at the rate of 370 feet to the mile, rise a number 
of ledges of bare rock, and also several small, barren, gravel hillocks and one tree-covered 
gravel knob. Some of the gravel mounds are remnants of an older dissected outwash 
plain, while others may be remnants of older terminal moraine built when, as Grant and 
Higgins ^ believe, the glacier reached practically to tidewater. One large stream flows 
over the fan near the middle, and one small one on the extreme southern edge. The 
main stream has shifted slightly since 1905. There are also older outwash gravels, 
described in a later section. 

Advance and Retreat. Grant, Paige, and Higgins visited Toboggan Glacier in 1905 
and 1909, determining an advance of 400 feet and then a retreat of about 650 feet between 
these dates. They found that “in 1905 the center, or most advanced part of the glacier, 
was 7£3 feet, as determined by pacing, distant from the cairn (at a, Fig. 48). . 

Just at th$ extreme front of the ice at this date was a low rock ridge crossing the valley. 
In 1909 the most advanced part of the glacier was £5£ feet farther back than in 1905. 
However, in 1909 a freshly deposited low moraine in the northern half of the plain in 
front of the glacier indicates that the ice sometime between 1905 and 1909 had been about 
400 feet in advance of its position at the earher date.” 

A photograph by Grant and Paige (PI. CXXXII, B) shows that the glacier was 
much more crevassed in 1905 thai^ in 1910, and that during its retreat the temunus 
has narrowed slightly on the southern side. It was still receding in July, 1910, having 
retreated 75 feet at the point of Grant’s measurements. Future measurements of the 

i Bull. Amer. Geog. Soc., Vol. XLni, 1011, legend of Fig. 13, p. SS7. 
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retreat of Toboggan Glacier will be facilitated by the black slate ledge at the northern 
end of the medial moraine. A good point from which to measure, in case of advance of 
the glacier, is the nearest graywacke ledge to the north (e. Fig. 48) which was 517 feet 
from the ice front in 1910, and is a low roche moutonn6e, beautifully striated. There 
are other graywacke ledges further west. 

The low moraine described by Grant seems to have been destroyed by the glacial 
streams between 1909 and 1910. 

In front of the southwestern portion of the Toboggan Glacier, an area of parallel 
furrows and minute ridges similar to those seen by Gilbert at Columbia Glacier, had 
been exposed by melting since 1905. They extended north and south, disappearing 
under the edge of the ice, and were made of till and outwash gravel containing frag- 
ments of jSnely-shredded wood. About 70 feet from the ice front, and parallel to it, was 



showing outwash delta, moraines and abandoned stream gorges, 

a dinunutive ridge, 6-12 inches hi^, crossing the erosion furrows nearly at right n-ngUn 
It suggests either a crevasse deposit or a minute terminal moraine, probably the former. 

Abandoned Marginal Gorges. In former times Toboggan Glacier was undoubtedly 
a tributary of the large ice tongue of Harriman Fiord, and at a later stage, though dis- 
connected, it was both longer and wider than now, as is shown by the barren zone about 
its borders. On the eastern side of the glacier, outside thi.. barren zone, are two aban- 
doned stream courses (c and d. Fig. 48), occupied by marginal drainage at a time when 
the glacier was more expanded than now, but later than the period when it extended 
up to the barren zone. 

Barren Zone. A barren zone around both the eastern and western borders of Toboggan 
Glacier bears sparse vegetation which furnishes evidence of two stages in the history of 
the glacier. Outside the barren zone is matiue, close-set forest, with thick moss but 
without undergrowth, the trees, which are from 11 to 19 inches in diameter, probably 
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being at least a centuiy or two old. They end along a straight line but there is no ter mina l 
moraine or line of dead tree trunks at the forest edge. 

The outer part of the barren zone, farthest from the glacier, is about 100 feet wide 
and bears scattered trees 65 to 70 years old; while the inner zone, nearest the glacier, has 
only a very few scattered shrubs none of them more than 20 years old. There is not 
only a diflFerence in age of trees but a difference in the amount of moss on the rocks in 
the younger and older parts of the barren zone. Parts of these zones have morainic 
soil, parts are bare rock and in places there are small stony lateral moraines containing 
dead wood and rolls of peaty soil. 

Growing upon the surface of the largest gravel knob in the outwash fan (b. Fig. 48) 
is a dense thicket of alders up to 30 years old and some hemlocks, of which the oldest, 
observed in 1910, was 72 years old. The deposit in this knob is, therefore, correlated 
with the advance which extended up to the edge of the barren zone, as are also (a) a 
high level delta in the small valley on the western side of the alluvial fan, and (b) some 
small mounds of gravel which may represent older outwash. The high level delta which 
stands about 50 feet above sea level, has a gently-sloping surface and seems to have been 
built into a small marginal lake at the outer edge of the barren zone. On its surface 
are trees about 70 years old and it is trenched deeply by the present stream course. 

During this period of advance the glacier seems to have had a pronounced bulb shape 
and to have extended to the fiord; but the second advance evidently did not go nearly 
so far. Most of the main delta surface is barren, being still occupied by shifting streanas, 
in contrast with (a) the delta at the end of the eastern gorge (d. Fig. 48) on which grow 
70 year old conifers, and (b) the delta at the end of the later (western) gorge (c. Fig. 48) 
on which we saw no alders over 20 years old. In the zone where this later delta coal- 
esces with the present delta of Toboggan Glacier streams there were scattered trees esti- 
mated to be a century old, some of them standing dead, some living but in process of 
being buried and kiUed by recent gravel deposition. Two or three conifers also grow at 
sea level on the extreme western edge of the main delta; but none of these appear to be 
over 60 or 70 years old. 

Port Wells 

General Description. Port Wells (Fig. 49), extending north-northeast from Passage 
Canal to Pt. Pakenham at the entrance to College Fiord and Barry Arm, is 15 miles 
long and 6 miles wide. On the western side are Pigot and Bettels Bays, each about three 
miles long, and four shorter, subordinate bays. The eastern wall is interrupted by two 
small bays and also by the entrance to Esther Passage, which separates Esther Island 
from the mainland. A low rock rises above sea level at all stages of tide near the south- 
eastern entrance to Port Wells a mile and a quarter off shore; but with the exception 
of bars at the entrances to College Fiord and Barry Arm the rest of the fiord is deep. 
The fiord walls of the mainland rise steeply, but nowhere so precipitously as in upper 
College Fiord and in Harriman Fiord. 

Small Glaciers of Port Wells. The present glaciers of Port Wells are the Bettels and 
Pigot Glaciers, two moderate-sized ice tongues each terminating a little over a mile from 
the head of the bay of the same name. There are also a number of much smaller glaciers 
in the mountains to the west of the entrance to Barry Arm. 
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A group of three small glaciers on the western side of Barry Arm, near its junction 
with Port Wells, occupy the upper part of a large cirque, the hanging valley lip of which 

is approximately 100 feet above 
sea level. There are still smaller 
ice remnants on the mountains be- 
tween Port Wells and Harriman 
Fiord. The general extent of all 
these small glaciers was sketched 
by Grant and Higgins in 1909. 

Bettels Glacier, which sends a 
stream to Bettels Bay (Pig. 50) 
heads in the same snowfields which 
feed Harriman and Dirty Glaciers. 
It is about 4 miles long, J mile 
wide, and terminates about Ij 
miles southwest of the head of 
Bettels Bay, 

Pigot Glacier (Fig. 54) heads in 
cirques and snowfields adjoining 
those of Bettels Glacier and of 
several small glaciers in Passage 
Canal. It is about S miles long, i 
mile wide, and ends about 1 J miles 
from the head of Pigot Bay. It 
had about the same position upon 
Applegate’s map in 1887, Glenn’s 
map in 1898, and Grant and Hig- 
gins’ map in 1909. The glacier 
surface is clean, apparently little 
crevassed, and is striped with four 
prominent medial moraines. A 
good-sized tributary enters from 
the east, another from the north, 
and another from the south not 
far from the terminus, the latter 
cascading down to the main ice 
tongue, with so steep a grade that 
it has the appearance of being an 
avalanche where the ice is heaped 
upon the main Pigot Glacier, al- 
though it probably has no ava- 
lanche relationship. Near it are four or five small ice tongues, ending hi gh on the 
mountain slopes which were formerly tributaries of Pigot Glacier. None of these gla- 
ciers have ever been studied at close range. 
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Glacial Erosion 

Glacial Erosion above Sea Level — General. The evidence of intense glacial erosion in 
Harriman Fiord, Barry Arm, and Port Wells, is plainly visible above sea level and clearly 
indicated by soundings. Throughout the fiords, glacial striae, conforming in direction 
to the different trends of the fiords, and roches moutonn£es are present upon bare rock 
ledges near sea level, being especially well shown in the barren zones. These features 
prove clearly that ancestors of the present glaciers completely occupied the fiords, and 
suggest the probability that the fiords were given their present straight courses, simple 
outlines, and steepened lower slopes by ice erosion without sinking of the land. 

The extreme height of glaciation in Harriman Fiord and Port Wells was estimated 
by Gilbert to be 4000 feet or more, on the basis of the “cordon of high hanging valleys” 
surrounding Har riman Fiord. “Above Barry, Serpentine and Surprise glaciers they 
contain hanging glaciers at a general height of about 4000 feet, and east of Harriman 
Glacier their ice banks coalesce in a continuous terrace along the valley wall. The sur- 
face of the trunk glacier to which they are adjusted probably lay 5000 feet above present 
sea level. ” 

The evidence from sea level indicates that the 2900 foot hill back of Pt, Doran was com- 
pletely overridden, for the summit and slopes are rounded, and the cliffs are all of such 
small size as mi^t readily be made by glacial plucking or by post-glacial weathering. 
The same is true of the summit of Esther Island east of Port Wells. There is a general 
rounded appearance to all the bare sunomits throughout Harriman Fiord and Port Wells 
below 5000 feet, except near the present glaciers where there are many cirques separated 
by narrow aretes and sharpened peaks.' 

Plucking and Over steepening. Some of the lower slopes have been steepened to preci- 
pices. There are many illustrations of steepened slopes in Harriman Fiord and Barry 
Arm. Oversteepening of the lower slopes of the fiord wall between Baker and Detached 
Glaciers recently caused a great avalanche. 

Because of the steepness of the slopes and the consequent absence of soil, many areas 
of bare rock on the fiord walls are as yet without vegetation excepting in jomts and 
hollows. This condition is well illustrated on the south shore of the inlet leading to Sur- 
prise Glacier where the roches moutonn6es, glacial grooves, and striae are still well 
preserved. Many of the beautiful waterfalls in Harriman Fiord and Barry Arm, as along 
the coast between Pt. Doran and Toboggan Glacier, cascade down bare rock slopes made 
smooth by glacial erosion. The bare knob at the extreme southeastern limit of the 
barren zone on the eastern side of Barry Arm shows the roches moutonn^es form very 
well indeed. 

Asymetrical Fiord Walls. Pt. Doran is a gently sloping spur which contrasts with 
the much overste^ened opposite slope below Mt. Curtis, because the united Barry- 
Harriman Fiord Glacier flowed faster and eroded more ejEciently on the eastern side of 
this curve. That it did not fail to erode the hiQ behind Pt. Doran also is proved by the 
fact that all rock ledges not covered with soil or moss are roimded knobs with striae 
and grooves, a good example of which is seen in the great, overhanging glacial groove 
shown in PI. CXXXVHL 

The eastern and western sides of Port Wells form a striking contrast, the former having 
a markedly oversteepened lower slope, rising up to a distinct shoulder, while the western 
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side has long sloping spurs not truncated excepting at the tip, nor oversteepened so much 
as the eastern side. This might possibly be explained by a difFerenee in the rock,^ for 
part of the eastern shore is granite, while the western coast is all slate and graywacke, 
were it not for the fact that southern Esther Island arid the coast north of Esther Pas- 
sage, on the eastern shore, are made up of slate and graywacke, and yet these parts are 
nearly as much oversteepened as the granite coast. The probable explanation is that 
there has been differential glacial erosion on the opposite sides of the fiord, the former 
Port Wells Glacier probably hugging the eastern shore because many tributaries entered 
from the opposite side. 

Cirques and Hanging Valleys. Another evidence of profound glacial erosion comes 
from the cirques and hanging Valleys, of which there are many. There is a well-developed 
hanging valley, for example, on the western side of Barry Arm, about a mile south of 
Cascade Glacier (PI. CXXXEX) . The upper part of this valley is stiU occupied by a small 
glacier from which a stream descends to the fiord, first with a moderate grade, then pre- 
cipitously over the lip of the hanging valley which lies between 1000 and 1100 feet above 
sea level. The stream cascades down to Barry Ann in a large waterfall and a filmy 
bridal-veil fall, plunging nearly 500 feet in one vertical cascade and altogether descend- 
ing 1050 feet with horizontal flow of less than 500 feet. This hanging valley has only 
recently been revealed and the cascades existed only a few years, for in 1898 the Barry 
Glacier extended up to the lip of the hanging valley. The hanging condition was partly 
revealed in 1899 but not fully until some time between 1905 and 1908 when the terminus 
of Barry Glacier had retreated northeast of the site of the waterfall so that the full 
height of. the hanging valley above sea level was exposed. 

Besides this typical hanging valley there are many others, of which those containing 
Cascade, Cataract and Toboggan Glaciers, and the small ice tongues southeast of Barry 
Glacier may be cited as examples. There are also many cirques from which the ice is 
coiripletely melted, as between Cascade and Serpentine Glaciers, and on the slopes of 
Mt* Muir. 

OlaciaL Erosion below Sea Level— Longiiudinal Profiles of Fiords, The depth of water 
at the fronts of the tidal glaciers (Barry 426 feet, Surprise 354 feet. Cataract 150 feet, 
Harriman 90 feet, Serpentine 51 feet) proves that these ice tongues are all resting on the 
bottom of the fiord and are therefore still engaged in eroding it. 

Within Harriman Fiord the depth of water varies from 90 to 510 feet (Fig. 50), and 
the longitudinal profiles are undulating, due either to glacial basining or to compliea^ 
tion of glacial deposits, a point discussed below. The fiord bottom slope, from Pt. 
Doran to Pt. Pakenham, increasing evenly in depth from 414 to 576 feet, averages 32 
feet to the mile, and this slope is not interrupted by basins due to erosion, or by note 
worthy submerged glacial deposits. 

At Pt. Pakenham where the fiord is shallowed locally by what is interpreted as a sub- 
merged moraine, the depth increases suddenly from 576 to 930 feet (PI. CXLI)., As this 
is at the junction of Barry Arm and College Fiord we infer that the former expanded 
Port Wells glacier, which was fed from these inlets, was able to erode more efficiently 
than either the smaller Barry Arm or the College Fiord glaciers, but as they were sub- 
equal in size they have produced a confluence step at the north end of Port Wells. 
The longitudinal profile is interrupted by a step at the mouth of each fiord, however, 

1 See geological map by Grant and Higgins, FI. H, Bull. 448. U. S. Geol. Survey, 1910. 
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because of increase in glacial erosion by the united Barry Arm and College Fiord Glaciers. 
These submerged steps are apparently the same as the rock treads produced by dif- 
ferential glacial erosion on the land. The lip of the submerged tread of the Barry Arm 
step is 354 feet higher than the bottom of Port Wells; but if the ridge interpreted as a 
submerged moraine is added the discordance is 576 feet in all. 

The next three soundings in Port Wells, a mile apart, show depths of 1098 to 1£O0 
feet (Fig. 49); and the following seven soundings, two miles apart, show depths of 1296 
to 1404 feet. The bottom slope of Port Wells, therefore, averages 28 feet to the mile, 
being a little flatter than the bottom slope of Bany Arm (PI. CXL) above the step. 

Cross-Sections of Fiords. The cross-sections of southern Port WeUs and outer Passage 
Canal show a fiord bottom 1400 feet deep and between two and three miles wide, bordered 
by sides sloping 1000 to 1200 feet to the mile. Such a cross-section is characteristic of 
a glacially-eroded fiord, and is repeated in narrower sections throughout Port Wells, 
Barry Arm, and Harriman Fiord. 

Submerged Hanging Valleys. Pigot Bay is a submerged hanging valley (Fig. 49), 
with water 330 to 408 feet deep, and wth the lip 1038 feet above the fiord bottom. 
Bettels Bay and the small indentations on the western side of Port Wells may be pre- 
sumed to have a similar discordant relationship though no soundings were made. The 
indentation south of Bettels Bay is barred at the mouth by rock islands, and if the 
channels between are shallow, as is probable, the discordance of grade here is over 1300 
feet. Submerged hanging valleys are also suspected in the coves on the eastern side of 
Port Wells south of Esther Passage. This passage itself has a hanging relationship to 
Port Wells, the water being 66 feet deep at its entrance, while the main Port Wells 
fiord is 1200 feet deep, 

A large valley on the eastern side of Barry Arm joins the fiord at sea level, and if there 
are rock ledges near the mouth it hangs over 500 feet above the fiord bottom. 

The deposits near the mouth of Surprise Glacier inlet make it impossible to determine 
the erosion relationship of Surprise and Harriman Glaciers; but, though this cannot be 
stated positively, it seems probable from the existing depths that the inlet of Surprise 
Glacier hangs 100 feet or more above that of Harriman Glacier. However, the cove in 
which Serpentine Glacier terminates, is clearly a submerged hanging valley, the depth 
of water being 12 to 51 feet near the glacier front, and 474 feet in the fiord opposite, so 
that the total amount of discordance is at least 423 feet (Pig. 50). 

GiiAcieb Deposits in Habrtman Fiord and Port Wells 

Partly as a result of the steepness of the fiord walls, the glacial deposits in these fiords 
are not extensive. They include a veneer of ground moraine on all but the steeper slopes, 
small belts of lateral moraine on the fiord walls, some areas of outwash plain, and some 
terminal moraines above and below 5ea level. 

Moraine. The areas of ground moraine call for no particular description. They con- 
sist of till and bowlders of various sorts, including rock carried out from the mountains 
and not present in the country rock of the region near where they lie. There are doubt- 
less deposits of similar material and of fine silts below sea level in the fiords, but of the 
nature and distribution of these nothing is known. 

The lateral moraines are especially well developed near some of the existing glaciers. 
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forming pronounced, saw-tooth ridges at the borders of several of the barren zones, as 
already described. 

The only well defined moraines above sea level recognized in this region are the cres- 
centic moraines in front of Baker and Roaring Glaciers and fragments of terminal moraine 
in front of Serpentine (Eig. 45) and Barry Glaciers (PI. CXL). A valley on the eastern 
side of Barry Arm contains Lake Cecelia, which Mendenhall described in 1898^ as 
held in by “a low morainic ridge'* which “may be the terminal of the glacier now in 
retreat at the head of the valley, or may be a lateral left by a tributary ice stream 
which enters from the east. ” In other places the terminal moraines either have been cut 
away by streams or were not built because the glaciers terminated in the sea, or were 
retreating rapidly. 

Outwash, The areas of outwash plain have already been described, the one in front of 
Toboggan Glacier (Kg. 48) being the largest. There are similar areas near the Serpentine 
and Baker Glaciers, on the western side of the terminal moraine which was being 
built by Barry Glacier in 1898-99, and in front of Dirty, Pigot, Bettels, and several of 
the smaller ice tongues. 

Submerged Moraines, Of the terminal moraines below sea level the most conspicuous 
one is a continuation of one on the land. It occupies the position of Barry Glacier in 
1898 and 1899, has a roughly crescentic form (PI. CXL) and rises to sea level in three 
localities. At aU other points it lies within from 96 to 234 feet of the surface, with 
deeper water on both the inner and outer sides. Opposite Pt. Doran, where this termi- 
nal moraine rises to the level of the sea, moderate-sized banks occur at low tide, the one 
nearest the point being about 1200 feet long, and made of till and bowlders. It is covered 
at haU tide. Besides these three banks there is a shoal in the middle of Harriman 
Kord, where the water is only 18 feet deep at low tide; and near the large isolated 
ice mass, on the western side of Barry Arm, a projecting peninsula 1800 feet long is 
exposed at low tide, continuing the belt of terminal moraine above sea level. The Barry 
Arm portion of this crescentic moraine nowhere rises to sea level, the water upon it being 
120 to 234 feet deep. Between this submerged terminal moraine and the front of Barry 
Glacier, the water increases rapidly in depth, being 426 feet deep half a mile from the ice 
front, and increasing in depth at about the same rate westward up Harriman Kord and 
southward down Barry Arm. 

The submerged continuation of the terminal moraine of Serpentine Glacier is shown 
in Kg. 45. It is a rocky bar, practically all exposed at low tide, and rising 39 feet or more 
above the bottom of the cove in which the glacier now ends. 

Another shoal area in Harriman Kord, which mi gh t, be inteipreted either as terminal 
moraine below sea level or as rock-swell due to differential facial erosion, is at the junction 
of the inlets which lead to Surprise and Harriman Glaciers (Pig. 50). Here there is an 
irregularity of the fiord bottom rising nearly 300 feet above the bottom of the fiord to 
the south, the crest of it being 90 feet below sea level in mid-fiord. If morainic, it was 
built by Harriman Glacier at a time when it extended 6 miles farther north. Icebergs 
strand upon this shoal more than i mile offshore on the western side of the fiord, sug- 
gesting a moraine bar here. 

North of this, opposite Baker Glader, the water is 120 to 174 feet in depth, being 
^ Mendenliall, W. C., 20tli Ann. R^t., U. S, Geol. Survey, Part VII, 1900, p. 825. 
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therefore shallower 
than is normal in the 
fiord. The association 
of this shoal with a 
broad point between 
Baker and Detached 
Glaciers (Fig. 47), 
which projects 1150 
feet into the fiord and 
has morainic topogra- 
phy, suggests a cres- 
centic moraine built 
here by the Serpentine 
Glacier. The water 
deepens rapidly to 258 
feet west of this shallow 
area, and to 282 feet 
east of it. Our sound- 
ings are not detailed 
enough to determine 
whether or not these 
90 and 120 foot irreg- 
ularities represent a 
continuous submerged 
moraine built by the 
formerly coalescing 
Harriman and Surprise 
Glaciers, or indeed to 
show conclusively that 
they are moraines 
rather than irregular- 
ities of the fiord bot- 
tom due to differential 
erosion. 

At the northern end 
(PI. CXLI) of Port 
Wells there are several 
sets of shoals which are 
best interpreted as 
submerged terminal 
moraines, or moraine 
bars, of the sort seen 
in Unakwik Inlet, but 
with less of their length 
exposed at low tide. 

They span the mouths 
of Barry Arm and 

Fig. 50. StTBMAEiirai Topography op Habbiman Fiord. 

Soundings in feet. Submerged contour interval 200 feet. Photographic 
Stations A, DDp etc. (Outline of shores and glaciers after Grant and Higgins.) 
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College Fiord at Point Pakenliani^ where these fiords mute to make Port Wells. The 
one at the mouth of Baxiy Arm has 354 feet of water in mid-fiord but rises 222 feet 
higher than the bottom a mile farther up the fiord. Its ends are marked by spits 
running out from each shore f and Ij miles respectively, where alongshore currents 
could not possibly have built spits without a shallow foundation, such as a moraine to 
guide them. They are, moreover, composed of morainic material too large to have 
been carried and built in this specialized form by anything but ice. The one on the 
western shore is double, suggesting two halts of the expanded glacier. 

The southernmost of the two submerged moraines at the entrance to College Fiord has 
£76 feet of water in mid-fiord, rising 90 feet above the fiord bottom half a mile to the 
north and 450 feet above that to the south. Its visible portion consists of a moraine bar 
extending a mile and three-eighths from Pt. Pakenham on the west; but there does not 
seem to be any similar bar extending out from the eastern shore. The material in the 
western bar includes coarse angular bowlders, and the part nearest shore supports clumps 
of large trees. 

A mile and a quarter north of this is another submerged bar lying at a depth of less 
than 294 feet. It rises approximately 50 and 70 feet above the fiord bottom to the north 
and south and has a point visible at low tide, extending out toward it from either 
shore. 

These three submerged bars, inteipreted as moraines, seem to have been built just 
after the Port WeUs Glacier had retreated far enough to separate the Barry Arm and 
College Fiord ice tongues; and the double character in each case suggests either two 
halts or a readvance, 

A moraine similar to these is possibly being built at the present terminus of Harriman 
Glacier, for: — (a) there are no rock ledges exposed, as at Surprise Glacier, to suggest 
that the head of the fiord has been reached; (b) a partial shoal fronted the terminus of 
the glacier in 1899; and (c) six or seven hundred feet from the ice cliff of 1910, after 
700 to 1050 feet of advance, the water was only 90 feet deep, in striking contrast to the 
depth near the front of other large tidal glaciers in Prince WiUiam Sound. Glacial streams 
as well as ice borne detritus, are doubtless contributing to it. 


Rblationbhipb of Vegetation to GLACOAii History 

The vegetation in Port Wells, Barry Arm, and Harriman Fiord furnishes much evi- 
dence of the recent history of the region. There is thick coniferous forest on the lower 
slopes of Port Wells and Barry Arm up to Pt. Doran. Above the barren zone of Barry 
Glacier it extends continuously up to Cascade and Coxe Glaciers; and, even beyond these 
cascading glaciers, vegetation extends for a short distance, the alder thickets extending 
farther than the spruce and hemlock. Barren zones around Seipentine, Surprise, and 
Toboggan Glaciers also interrupt the continuity of the coniferous forest, which extends 
southward to Baker Glacier on the western side of Harriman Fiord. There is one small 
dump of conifers between Baker and Detached Glaciers 600 or 700 feet above sea level, 
west of which alder thickets extend to Surprise Glader on the northern shore of that 
inlet. Alders grow between Surprise and Cataract Glaciers on the southern side of Sur- 
prise Inlet, and alders and two stunted spruces are found between Cataract Glacier and 
Harriman Fiord. The eastern side of Harriman Fiord has thick spruce and hemlock 



GLACIEBS OP HAKRIMAN FIORD AND PORT WELLS 


S47 


forest from Pt. Doran to Wedge Glacier and alder thickets expend to Harriman Glacier, 
contrasting with the western side which has alder thickets between Surprise Inlet and 
the head though only one very stunted spruce was seen. 

The presence of thick forest nearly at sea level on Point Doran, with trees possibly over 
a century of age, shows that Barry Glacier has not overridden this point for at least 100 
years, as Gilbert pointed out; and it seems probable that since it ceased to coalesce with 
Harriman Glacier, Barry Glacier has never reached Point Doran and dammed Harriman 
Fiord into a lake; for there are neither elevated shorelines nor deltas along its margins. 
Excepting in southern Harriman Fiord the forest is mature and vigorous, and there are 
fewer open glades in the coniferous forest of Harriman Fiord than near Columbia Glacier. 
The oldest tree whose age we determined was 22^ inches in diameter and had 2^ annual 
rings. Muir, however, found one hemlock in 1899 ^ only nine inches in diameter which 
had attained 325 years. We found trees in Harriman Fiord in 1910 which judging by 
their diameters, must have been even older than that noted by Muir. Pemow observed 
in 1899 ^ that logs in Prince William Sound showed the following relationships of diameter 
to age: 


“50 annual rings, 11 inches 


72 

cc 

“ 12 to 15 inches 

80 

c< 

“ 20 inches 

125 

(C 

“ 22 inches/’ 


This vegetation proves clearly that these fiords have not been occupied by brimming 
ice streams since at least the sixteenth century. Gilbert stated in 1899 that “the con- 
dition of extreme glaciation . . , does not belong to the series of modem changes. 

^ . . Were it of comparatively recent date the fiord would now be destitute of 
trees, but such is not the fact. It is true that the slopes are bare in the immediate vicinity 
of the glaciers, and that the valley walla enclosing the greater glaciers . . . support 

no trees, but the lower parts of the fiord walls are elsewhere covered by a hemlock forest. 

As to the proper interpretation of the peculiarities of forest distribution the case is 
not altogether clear. In other localities there has seemed good reason to ascribe absence 
of forest to recent occupation by ice, but here there is a sort of transition from forest to 
barren which suggests climatic limitation. In the zone of transition the trees are not 
young and vigorous, as when invading newly-acquired territory, but scrawny and ill- 
iavored, as though struggling desperately against the attack of hostile conditions. In 
An illustration, representing the edge of the forest nearest to Harriman Glacier, the rare- 
ness of branches on the side toward the water suggests that winter fogs driven landward 
overwhelm the bou^s with loads of ice. 

From this and from our own observations we are convinced that the presence or ab- 
sence of trees and their size are not absolute criteria for use indiscriminately in inter- 
preting glacial history where human records are lacking. That the rate of tree growth 
varies greatly under climatic, soil, and drainage conditions in this region is shown by 
the great variations in the relation between diameter and number of annual rings already 
quoted, and by the following record of a spruce found near Baker Glacier in 1910. 
The last ten years of growth were very rapid, as shown by the annual rings, the previous 
ten were very slow indeed, and the first 75 years were rapid. With evidence of decades of 

1 Muir, John, Hanmuui Alaska Expedition, Yol. 1, 1902, p. 1S5. 

• Femow, B. E., Hairiman Alaska Expedition, Yol. 11, 1902, p. 255. 
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retardation such as this, it is, of course, not safe to estimate the ages of trees by diameter 
alone. The trees must be cut down and tie rings counted. 

The absence of trees in southern Harriman Fiord, bringing up the possibility of recent 
expansion of Harriman Glacier, may be due to the fact that conifers are not always seeded 
at once after a glacier retreats,' while alders and willows may start sooner. Accordingly 
the length of time since retreating glaciers have uncovered a tract, as determined by 
vegetation, should always be regarded as a mmimiiTn . In the case of the barren zone 
around Barry Glacier, however, we differ from Grant and Higgins who believe that the 
advance to its outer limit was probably 25 years or more ago.^ We have direct evidence 
that seeding did take place there at once, for in the field we first determined, by ages of 
trees that the last advance was at least 11 years before (1899 or earlier), and subsequently 
after reaching home, found the records of the army officers who witnessed the activity 
in May, 1898, exactly 12 years before. This advance ceased during that year, however,, 
and there was considerable melting before June, 1899, so that willows and alders were 
able to start on the abandoned lateral moraines and in the edges of the barren zone during 
the summer of 1899, Thus they were eleven years old in 1910. Similar immediate oc- 
cupation by vegetation was found to have occurred on the elevated beaches in Yakutat 
Bay, where, as in the Barry Glacier barren zone, the proximity of mature plants gave 
opportunity for immediate seeding. 

With these facts and limitations in mind, the following relationships of vegetation 
to the Barry, Serpentine, Toboggan, and Baker Glaciers in Harriman Fiord may be 
profitably considered. 

As already stated, there are conspicuous barren zones around the termini and lower 
borders of a number of the Prince William Sound glaciers (Pis. CXXXIX and CXXXH, 
B), as a result of the fact that the glaciers have melted back from their farthest recent 
advance. There was such a barren zone around Columbia Glacier when Gilbert visited 
it in 1899, but before 1909 most of this barren zone was overridden by the advancing 
glacier and by 1910 it was covered, as were most of the barren zones which had bordered 
the College Fiord glaciers from 1899 to 1909. In Har riman Fiord, on the other hand, 
these barren zones were still present near most of the glaciers in 1910, 

Our first impression was that the advances which caused these barren zones were syn- 
chronous and that an examination of the ages of shrubs that had sprung up in the barren 
zones would reveal the approximate date at which the last advance of all the glaciers 
had taken place. 

The vegetation near Serpentine Glacier was studied and in its barren zone none of 
the scattered willows, alders, and spruces were found to be more than 27 years old. An 
earlier moraine outside this belt had trees up to 98 years of age. Baker Glacier, just 
south of Serpentine, had a nearly-barren inner moraine with shrubs 18 years old and a 
more-thickly-forested outer moraine with graces up to 110 years old. Toboggan Glacier 
had 20 year old shrubs on the last moraine of its barren zone and conifers of 70 years 
growth on an older moraine. Barry Glacier was bordered by a barren zone with the 
oldest shrubs only 11 years old; and here there are not two belts, but one, outside of 
which, on each margin of the glacier, a very perfect push-moraine ridge separates the 
barren zone from the thick forest 100 to 225 years old. We cut down many trees and 
counted rings in deter minin g these ages, only the oldest ones being cited here. At the 

1 Bull, Amer. Geog. Soc., Vol. XLIII, 1911, p. 881. 


CHAPTER XVn 


THE GLACIEIIS OF PASSAGE CANAL AND BLACKSTONE BAY 


Genbrax Description 

Passage Canal is a fiord, extending in a general east and west direction in the north- 
western part of Prince William Sound. Portage Bay, Blackstone Bay, Cochrane Bay, 
Port Wells, and Culross Passage are the principal indentations leading out of it. It is 
about 25 nulea long, and from 1 to 2^ miles wide. Esther and Culross Islands flank 
the mouth of Passage Canal and on the western side of Culross Island is Culross Pas- 
sage, a narrow, crooked channel, 11 miles long, connecting Passage Canal with Port 
Nellie Juan to the south. These fiords have steeply-rising walls, a great many snow- 
fields near by, and moderate-sized glaciers, some of which extend down to sea level. 

Prevtous Observations 

The exploration of these fiords was accomplished by several of the same men who 
did the early work in the other parts of Prince William Sound, with the exception of 
the Harriman Expedition which did not visit them. Maps of one kind or another and 
brief descriptions have been published by Vancouver and Whidbey,^ Petroff,* Appl^ 
gate,® Glenn, ^ Leamard, Castner and Kelly, Mendenhall,® Herron,® Porter,^ and Grant 
and Higgins.® Of these observers only Grant and Higgins have given especial attention 
to glacier study. 

The junior author, in charge of the National Geographic Society’s expedition of 
1910, devoted four days (August 2 to 5} to a study of the glaciers of inner Passage Canal 
and Blackstone Bay.® During this time we made the map of Tebenkof Glacier, the 

1 Vancouver, G^rge, Voyage of Diacovery to the Nortli Pacific Ocean and Round the World, Vol. V, 1801, 
pp. 240-250, 288, 806-311. Map reproduced by Davidson (see below) Map V. 

1 Petrofi, Ivan, Tenth Census of the United States, 1880, Vol. VDI, 1884, p. 27 and MEap VI, facing p. 75. 

■ Applegate, S., map in Davidson’s Glaciers of Alaska that ore Shown on Russian Charts or Mentioned in 
Older Narratives, Trans, and Proc. Geog. Soc., Padfic, Vol. 8, 1004, p. 27 and Map XI. 

• Glenn, E. P., Wax DepL, Adj.-Gen. OflSice, No. XXV, 1899, pp. 17-18, 26-32; Leamard, H. G., Ibid., 
pp. 125, 127-8; Castner, J. C., Ibid., pp. 189-192; Kelly, L. S., Ibid., p. 289, also map in pocket 

• Mendenhall, W. C., 20th Ann. Rept., U. S. Geol. Survey, Part VIE, 1900, pp. 278-4, SOI, 325-826, and 
Map 16. 

• Herron, J. S., War Dept., Adj.-Gen. Office, No. XXXI, 1901, p. 13 and map. 

7 Porter, E. W., Report on Population and Resources of Alaska, Eleventh Census, 1890, Washington, 1898, 
p. 70. 

■ Grant, U. S. and Higgins, D. F., Glaciers of the West Coast of Prince T^Uiam Sound, Bull Amer. Geog. 
Soc., Vol. XLTTT, 1911, pp. 402-407; in Reid’s Variations of Glaciers, Joum. Geol., Vol. XVII, 1909, p. 671; 
also maps in Bull. 284, U. S. Geol. Survey, 1906, Pig. 4, p. 79; Ibid., Bull. 879, 1909, PL IV, facing p, 88; 
Ibid., Bull, 443, 1910, PI. 1, facing p. 10 and PI. II, in pocket. 

• Martin, Lawrence, The National Geographic Society Researches in Alaska, Nat. Geog. M!ag., Vol, XX Lf, 
1011, p. 559; Joum. Geol., Vol. XTX, 1911, p. 468. 
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modified map of the ice tongues at the head of Blackstone Bay, and soundings through- 
out Blackstone and Portage Bays. 


Blackstone Bat 

Topography. Blackstone Bay, a southwestern branch of Passage Canal just west 
of Port Wells, is about 11^ miles long and from one to two miles wide. It is a steep- 
walled fiord, but the walls are lower than those of Harriman Mord and inner Passage 
Canal which penetrate the very heart of the mountains. Near the head of Blackstone 
Bay is the long, narrow Willard Island and a projecting peninsula; and around the 
head of the bay are eight small glaciers. On the southern side of the bay, close to Pas- 
sage Canal, is a cove about a mile long, a short distance south of which is Tebenkof 
Glacier, the largest ice tongue of Blackstone Bay, 



Fig. 51. SzBTCH of Passage Canal. 


Tebenkof Olader — Snoufielde and Ice Tongue. Tebenkof Glacier (Kg. 52) is known to 
be over ten miles long and is from leas than one to over two miles wide in the lower por- 
tion, It terminates over a half mile from the head of the cove, into which a number 
of large streams flow. Tebenkof Glacier also has two subordinate termini, which are 
lobes projecting from the side of the glacier into tributary valleys. The largest of these 
is about 4 miles from the terminus and projects westward for about a mile and a half, 
sending a glacial stream down to Blackstone Bay. The smaller lobe, which is on the 
eastern side about two miles south of the terminus, projects a shorter distance from 
the side of the glacier and its stream discharges eastward to Cochrane Bay. 

The glacier heads on a high snow divide which is unexplored and it seems probable 
that the snowfields there coalesce with those that feed the smaller ice tongues to the 
west at the head of Blackstone Bay and the glaciers on the northwestern side of Port 
Nellie Juan, At least 10 miles south of the terminus of Tebenkof Glacier, there is an- 
other small glacier flowing northeastward from this same anowfield. It is about 2 
miles long and its outlet stream flows eastward to Cochrane Bay about 2 miles distant. 
The absence of glaciers in Cochrane Bay on the east, and in Blackstone Bay on the 



Plate CXXIX 



B. Haebiman Fiord in 1910 
Showing the retreat of Barry and Surprise Glaciers since 1899. 





B. Bahrt Glacier 1899 axd 1905, Sno'mxG Retreat 

Upper photograph by C. Hart Merriam, from a boat close to Photo Station A. Lowct photo graph b y U. S. Grant and Sidney Paige, from Photo Station A, 

Point Doran. Compare with Plate C Xxxi . 
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PL.i^TE CXXXIl 



A. Western Lateral Moraine of Formerly Expanded Barry Glacier 
Forming the boimdary between the barren zone and the thick mature forest, some of whose trees overturned 
duiing an ice advance as seen on the left. Photograph, July 20, 1910. 





Plate 



Rising in cirques at tLe base of Mt. Gilbert. Curving lateral moraine on right. Photograph from Station DD, July 26, 1910. 



SUBPRISE G1l.\CIEB 

^ith Detached Glacier on right. Photograph from Station F, July 27, 1910. 
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SuHPRISE AND CaTABACT (oN LEEt) GlACIEHS 

In 1899 a dirt-stained lateral moraine extending sli^tly beyond the clear ice of Surprise Glacier reached as far out as Cataract Glacier, 
Hence a retreat of li miles has occurred here between 1899 and 1910. Photograph from Station E, July 27, 1910. 


Plate CXXXVI 



ELutRnfAy Glacier 

Showing snow-covered n4v4-sheathed slopes. Photograph (copyrighted) by E. C. Curtis, June, 1888. From near Photo Station F. 



Western Edge of Hahriman Glacier 

Photograph (copyrighted) by E. C. Curtis, from Station GG, June, 1899. Ink line shows advance and thickening between 1909 and 1910. 


PLiTE cxxxvin 



Plate 



Western Wall of Fiord near Barry Glacier ^ 

Showing barren zone terminated above by thick forest. Stream emerges from hanging valley with lip 1050 feet above sea 
level. Successive positions of glacier indicated by ink lines, while in 1898 the glacier rose to the upper edge of the barren zone;, 
and in 1899 there was only a low water fall. Photograph by U. S. Grant and D. F. Higgins, from Station C, June 29, 1909. 



Plate CXL 



Bakby Glacier 

Showing crescentic submarine terminal momine. 




Plate CXU 
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Af//e^ 

Moraine Bars at Head of Port Welis 







T^ENKOF GlA-CIEH in 1910 pipM Statiqn B 




Eastward-Descijnding Rock Benches 

Due to glacial erosion, on northern side of Passage Canal near Portage Glacier. Photograph by W. C. Mendenhall, 1898. 


PlATE 



GLACIERS OP PASSAGE CANAL AND BLACKSTONE BAY 353 


west, everywhere excepting at the head, emphasizes the elevated position of Tebenkof 
Glacier which hes between the two bays and which extends nearly as far north as their 
mouths. 

The surface of the glacier, which has no medial or lateral moraines, is exceptionally 
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!Fig. 52. XEBmcoF GiiA-ciiib in 1910. 


clean (PL CXLII) and without morainic d6bris except in little patches at the terminus. 
It was so slightly crevassed in August, 1910, that travel over the glacier surface was 
veiy easy. The surface slopes 18° to 26°, steepening to 32° and 40° near the terroinus 
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and in one place, near the westem edge, to 45®. It is separated from the sea by a cres- 
centic terminal moraine and an outwash gravel plain. 

Ldch of Change. The terminus of the Tebenkof Glacier in 1910 (Fig. 52) was not 
very different from the conditions in 1909 and, so far as information is available, in 
previous years. Applegate showed the glacier in 1887 in about the same position as 
in 1909 and 1910. Photographs from sites occupied by Grant in 1909 show no change 
during the following year on the eastern edge and only a slight retreat at the western 
margin of the ice front. There are no earlier photographs. 

Terminal Moraines. The terminal moraine is close to the glacier and varies consid- 
erably in character. The portion near the eastern center (Fig. 52), having a width 
of from 700 to 1150 feet, has a hiunmocky inner surface against which the edge of the 
ice rests. On it are a few pools, but no large kettles. There is a similar small area 
near the eastern valley wall. The remainder of the terminal moraine forms a striking 
contrast with this, being a single ridge or series of small parallel ridges less than 100 
feet wide, 20 feet or less in height, and extending across the valley with a shape similar 
to that of the present terminus of the glacier and at a distance of 600 to 800 feet from it. 

Between this terminal moraine ridge and the glacier, both east and west of the broader 
central portion of the moraine, outwash gravel is still being deposited, the gravel deposit 
on the east containing small pools possibly due to slumping of a small buried portion 
of the glacier front. As these gravels were still being built up by glacial streams in 
1910, it seems probable that other parts of the terminal moraine deposits have been 
cut away by these streams and bmded by their accumulations. 

On the eastern side of the moraine, which was barren in most places, were scattered 
alders up to eight years old in 1910. On the western side, the outer part of the moraine 
hod willows 10 years old and alders of 12 years growth. 

This terminal moraine is not continued by lateral moraines at the borders of the 
glacier, probably because little morainic material was supplied from the bare rock 
there. There are, however, discontinuous, linear patches of moraine paralleling the ice 
edge on the eastern side. 

Older Terminal Moraine. On the western side of the valley and about 50 feet out- 
side the terminal moraine, was a fragment of an older terminal moraine, contrasting 
with the inner one in having much moss and many shrubs growing upon its surface. 
One willow examined was 18 years old. This furnishes the only evidence of two stages 
in the recent history of Tebenkof Glacier. 

Outwash Plain. The outwash gravel plain, with a length of 2800 to 4500 feet and 
a width of about a mile, is, in some parts, still being built up by streams. To the north- 
ward it is continued into the bay by a mud flat 400 to 700 feet wide at low tide. This 
plain is 85 to 50 feet above sea level at the ice edge and slopes at the rate of 60 to 65 
feet per nule. Some parts of the outwash gravel plain are, however, no longer being 
built up and have hod no streams for over 20 years, as is shown by an extensive growth 
of willow and alder thickets. Less than half way between the bay and the glacier are 
several clumps of tall, symmetrical spruce trees, the largest being about 3 feet in diam- 
eter and with an estimated age of a century or more. A pair of small hillocks, which 
appear from a distance to be rock hills, rise up through the alluvial deposits on the 
eastern edge of the outwash gravel plain; and there is a single, similar hillock on the 
western side near the valley wall. 
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Barren Zone. On each side of the terminus of Tebenkof Glacier was a barren zone 
(bb, Fig. 52), also noted in 1909 by Grant and Higgins. It is 200 to 400 feet in width, 
but wedges out at a distance of le^ than a mile to the southward. The upper edge 
of this barren zone marks the greatest expansion of Tebenkof Glacier in recent years, 
for above it is thick mature forest, with trees 16 to 24 inches in diameter and with a 
few dead trees, still standing at the edge of the forest. The western margin had many 
dead tree heaps at the edge of the barren zone. 

Between the barren zone and the ice the rock surface is prevailingly bare, and upon 
it are scattered fragments of dead tree trunks, while, where there is soil, flowers, grasses, 
and scattered young willows, alders and spruces are growing. The upper part of the 
western barren zone has quite a number of scattered shrubs, but its lower part has 
almost none. The largest of the alders observed had seven annual rings. This and 
the 12 year old alders on the terminal moraine indicate that the last e3q)ansion of the 
glacier up to the edge of the barren zone and out to the terminal moraine was at least 
12 years before 1910. 

Glaciers at the Head of Blachdone Bay — RelaHonships of Glaciers, This is a group of 
moderate-sized ice tongues, descending from n6v6 fields which surround the head of 
Blackstone Bay. All of them are cascading glaciers of varying steepness, and only 
two are tidal, though three others on the eastern side reach almost to tidewater. The 
name Blackstone Glacier has heretofore been used for the whole group, as if they were 
distributaries of a single ice cap, but, as they are not lobes of a single glacier, but 
separate valley glaciers, as few of their n6v4 fields coalesce on the ridges between, 
it seems desirable to give separate names to each of the ice tongues. The addi- 
tional names are taken from colleges in Wisconsin. The apparent coalescing of the 
glaciers, indicated in Fig. 53, would practically disappear if more detailed maps were 
made which separated the ice tongues from the n6v6 on the adjacent mountain slopes. 
Ripon Glacier, for example, heads in a cirque which has n6v6 all over its head and side 
walls. 

At a period of greater expansion all of these glaciers were tributaries to a great ice 
tongue in Blackstone Bay similar in dimensions to the Tebenkof Glacier. It seems 
probable that the retreat of this glacier and its separation into distinct ice tongues, 
while the non-tidal Tebenkof Glacier stiU extends over 6 miles farther northward, is, 
in part at least, a result of more rapid melting of the Blackstone ice tongue on account 
of its ending in salt water. 

Blackstone Glacier. Blackstone Glacier heads in unexplored snowfields southwest of 
the bay, having a moderately-sloping upper portion, fed by numerous small tributa- 
ries, and a steeply-cascading terminus, which descends several hundred feet in the last 
quarter of a mile, terminating in the southwest comer of the bay in a vertical ice cliff 
over a hundred feet high, from which small bergs are discharged. The glacier is a clean 
white, severely-crevassed mass reaching tidewater only in the eastern portion, but 
descending nearly to tidewater for some distance to the west. 

On the early maps by Applegate, Mendenhall, and others this glacier is indicated as 
coalescing with the adjacent Beloit and Northland ice tongues and as extending over 
half a mile farther north to the southern end of Willard Island. This is probably an 
error, for Applegate did not go near enough to the glacier to be sure of its relationships, 
and in 1910 spruce trees, 10 to 12 inches in diameter, were found at sea level on the 
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southern end of WiUard Island. The correct position of the terminus of the glacier 
was first mapped in 1909 by Grant and Higgins. 

A ‘comparison of their photographs with ours taken in 1910 shows a slight advance 
of the glacier during that year. It is not certain exactly how much advance there was, 
but a rock ledge exposed in 1909 beneath the eastern side of the terminus was over- 
ridden in 1910 and the tidal frontage was slightly increased. The western edge, toward 
Northland Glacier, covered more of the bare rock slopes near sea level in August, 1910, 
than in July, 1909. At several points along this western portion of the terminus, ice 
blocks were sliding down from the end of the glacier into the sea as a result of this advance. 

Beloit and Marquette Glaciers. These are two adjacent cascading glaciers, Beloit Gla- 
cier being at the very head of Blackstone Bay, while Marquette Glacier lies a short 
distance northeast of it. The latter has a much gentler slope than the former. Beloit 
Glacier descends from a gently sloping upper portion, at about the same level as Black- 
stone Glacier, and terminates at sea level in a vertical ice cliff from which bergs were 
discharged in 1909 and 1910, there being no appreciable change in the ice front during 
the period of observation. Both of the glaciers are without medial or lateral moraines, 
i Beloit Glacier being severely crevassed, while Marquette Glacier is rather smooth. 
The former is fed from n6v6 fields adjoining the Blackstone Glacier and is separated 
from the Marquette Glacier by a mountain ridge, the upper portion of which is covered 
with n6v6 which feeds into each of the glaciers. In 1909 and 1910 Marquette Glacier 
terminated a few hundred feet from the water's edge and underwent no appreciable 
change during that period. It was covered with snow nearly to sea level in August, 
1910. 

Ri'pon and Lavyrence Glaciers. These two cascading glaciers are on the eastern side 
of Blackstone Bay, Lawrence Glacier being about three quarters of a mile northeast 
of Marquette Glacier, and Ripon about the same distance farther to the northeast. 
On Applegate^s map both of these glaciers seem to reach tidewater, but the author of 
the map did not go near enough to them for us to feel certain that this is correct. In 
1909 and 1910, each of the glaciers terminated 150 to SOO feet from the fiord. 

Each of the glaciers is moderately crevassed and without moraines. They are both 
deeply set in mountain valleys, separated by broad rock spurs and are fed from exten- 
sive n6v6 fields which mantle the whole mountain slope. Their surface slope is 18° to 
20°, or about the same as Marquette Glacier, and not nearly so steep as the slope of the 
Beloit and Blackstone Glaciers. The n6v6 fields on the slopes of Mt. Applegate, east 
of Ripon Glacier, mantle large areas and feed an unnamed glacier lobe in the next valley 
to the northeast, as well as a number of other small lobes. 

In 1910 portions of the terminus of Lawrence Glacier were so near the water's edge 
that ice fragments were sliding down the bare rock slope into the bay, so that this glacier 
was discharging small icebergs without being a tidal glacier. A small, but clear-cut, 
stony, push moraine, forming the boundary of a moderate-sized barren zone between 
the moraine and the ice, extended around parts of the terminus of Lawrence 
Glacier, excepting in the middle where the ice fragments were discharged. Within 
this barren zone there were only scattered young shrubs, while dense, mature forest 
grew outside. 

The terminus of Ripon Glacier lies farther back from the sea than that of Lawrence 
Glacier, ending on bare rock ledges. The nose of the glacier was mantled in places 
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with ablation moraine, which gives part of it a fictitious appearance of being lobate. 
A crescentic terminal moraine marks the site of a former extension of the glacier and 
inside of it is a barren zone, the largest in Blackstone Bay. It includes a large area 
of bare rock with scattered young shrubs, and outside of it is the normal mature forest. 

There is a possibility that this glacier has had a double history of recent advances, 
for the part of the barren zone nearest the glacier had almost no vegetation and was 
separated by a small, low moraine from an outer portion which had a great many more 
young shrubs. The age of this youngest vegetation near Ripon and Lawrence Glaciers 
was not determined carefully, but may be estimated as certainly less than 20 years. 

Glaciers on the Western Side of Blackstone Bay, The Northland, Milton, Concordia, 
and Carroll Glaciers are fed from n6v6 fields west of the Blackstone Glacier. None of 
them are as large as the glaciers on the eastern side of the bay, and all excepting the 
Northland Glacier terminate from a quarter to a half mile from the bay. Northland 
Glacier extends down nearly to the branch of the bay west of Willard Island. 

All of these glaciers are without moraines, and are more or less crevassed, the Carroll, 
Concordia and Milton Glaciers, which are descending steeper slopes than the North- 
land Glacier, being most crevassed. There is not enough previous information about 
these glaciers to determine their recent history, although the sliding down of fragments 
from some of the termini, and the absence of barren zones, suggested the possibility of 
recent advance. 

Glacial Erosion — Erosion Above Sea Level. Evidence of glacial erosion in Blackstone 
Bay is foimd in the form of the fiord above sea level, and especially in the steepened 
walls and bare rock slopes scored with glacial striae. Willard Island shows this glacia- 
tion particularly well, having numerous typical roches moutonnde forms, and good- 
sized rock basins containing lakes. The northern wall of Blackstone Bay at the curve, 
eight miles north of Blackstone Glacier, is far steeper than the opposite wall, suggesting 
glacial undercutting on the outer side of this curve. There are also hanging valleys 
illustrated by the valleys of Carroll and adjacent glaciers, and by a valley on the eastern 
side of the fiord about three miles north of Ripon Glacier, Its lip is a few hundred 
feet about sea level, and it has no glacier at present. 

Submarine Erosion. The portion of the fiord below sea level, as revealed by sound- 
ings, also emphasizes the great amount of glacial erosion. The fiord bottom slopes at 
the average rate of about 75 feet to the mile, having a depth of 216 feet near the Black- 
stone and Beloit Glaciers, and 1080 feet where Blackstone Bay enters Passage Canal 
Hi miles distant. Half way down the fiord, however, there is a deeper point (1188 
feet); and there is a steep descent of over 500 feet, 2i miles from the head, besides 
other interruptions of slope, described below. The visibly steepened slopes of the side 
walls of the fiord seem to continue below sea level, suggesting that it has the normal 
relatively fiat-bottomed cross section. 

The slope of the bottom of this fiord from Beloit Glacier to the southern end of Willard 
Island is at the rate of about 100 feet to the mile. Then comes a conspicuous increase 
in the slope with a descent of 462 to 522 feet in less than three-quarters of a mile, or at 
the rate of over 650 feet to the mile. Such a confluence step in the fiord bottom is a 
feature often observed in glaciated mountain valleys and the same condition exists 
above sea level at the southern end of Blackstone Bay where Blackstone and Beloit 
Glaciers descend a similar step of even greater height. A possible explanation of this 
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step is found in the relationship of the channels on the east and west sides of Wil- 
lard Island. It is possible that when the glaciers from either side of Willard Island 
united, the combined ice tongue had such increased power as to enable it to erode 
more deeply beyond the end of the island. Northward to the mouth of Blackstone 
Bay the fiord bottom slope averages 30 to 85 feet to the mile. 

The channel bottom between Badger Point and the southern end of Willard Island 
is basin shaped, with only 90 feet of water at the northern margin and 126 feet in the 
center. This may be a rock basin due to glacial erosion. There may also be a rock 
basin southwest of the point where there is a depth of 986 feet, in Blackstone Bay, 
near the turn just west of the cove of Tebenkof Glacier. The increased depths in the 
fiord north of Tebenkof Glacier may be due to increased glacial erosion resulting from 
the union of this glacier with the Blackstone Bay ice tongue. 

The relationship of the Tebenkof Glacier cove to Blackstone Bay is that of a sub- 
merged hanging valley, the lip of the hanging valley at the bottom of the cove being 
at least 70Q feet above the floor of Blackstone Bay. 

Olacial Deposits — Above Sea Level, As is the case in the other fiords of the Prince 
William Sound region, glacial deposits above sea level are relatively unimportant. 
The largest accumulation of this kind is the terminal moraine and outwash plain near 
the terminus of Tebenkof Glacier, already mentioned. There are also minute terminal 
moraine deposits around the borders of the Ripon and Lawrence Glaciers, and there is 
a thin mantle of ground moraine on the fiord walls, where not too steep, and on parts 
of Willard Island. 

Moraine Bar at Willard Island, The only other morainic accumulation in the bay 
is of considerable interest. It was sketched by Grant and Higgins in 1909, who 
referred to it as “modified remains of two recessional moraines.” This partly-sub- 
merged terminal moraine, or moraine bar, nearly joins Willard Island with the mainland 
on the east (Fig. 53). It projects over three-eighths of a mile southeastward from 
Willard Island, extending more than half way across the fiord; further e^ast is allow, 
islet; and then comes a point which projects a quarter of a mile from the main and 
At low tide nearly the whole of the moraine bar is exposed, there being only two nar- 
row channels across it, the easternmost only a few feet deep, the westernmost, 24 feet 
deep at about mid-tide. As the submerged contours show, the fiord bottom here rises 
about 474 feet above the bottom of the bay immediately to the north and 210 to 288 
feet above the bed of the fiord to the south. The northern face of the moraine, there- 
fore, slopes at the rate of 1900 feet to the mile, while southward toward the glacier, 
the slope is only 1120 feet per mile. 

Some beach sand is found on portions of this moraine and on those parts of the bar 
that rise entirely above high tide trees and grass are growing. That this bar is not a 
mere sand spit is shown conclusively by the character of the foundation material which 
is especially well exposed on the portions uncovered at low tide. It consists of angular 
bowlders , up to 6 feet in diameter, some of them striated, which could have reached 
their present position only in the glacier, being too large and too numerous for an ice- 
berg deposit with sea level as at present. The till at the surface of this terminal moraine 
has largely been washed away by the tidal currents, which at high tide sweep strongly 
across the submerged parts of the bar. 

It is clear that a moraine exists here on the surface. Whether it is (1) a thick till 
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deposit, — a moraine rising 210 to 474 feet above the fiord bottom and all submerged 
excepting the top, — or (2) a thin superficial deposit, resting upon a rock swell, cannot 
be determined from the facts at hand. The lack of thick corresponding deposits upon 
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Willard Island and in the fiord to the west of the island suggest the latter. The broad- 
ening of the eastern passage just here also accords with this view, for glacial erosion 
would naturally be efficient in the constriction to the south (462 to 468 feet deep), and 
Ae incoming of the steeply-descending Ripon Glacier might have caused a plunging 
of the ice and an increased efficiency of erosion to the north where the depths are 474 
to 936 feet. 
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On the other hand, the Ripon Glacier is not in exactly the right position for this, 
and the narrowness of the shoal area is difficult to explain by glacial erosion and easy 
to understand it the whole deposit is a submerged moraine. The coincidence of a halt 
of the glacier exactly on an uneroded rock swell is also difficult to explain, if the moraine 
is thought of as resting so precisely on an irregularity in rock. There is no special 
rock texture or structure to help explain this phenomenon, it mainly a rock feature. 
The geological map by Grant and Higgins ^ indicates that Willard Island and the whole 
shore line of Blackstone Bay are made up of graywacke and slate and small dikes with 
no observed peculiarities, such as would fit in with the idea of differential erosion due 
to the nature of the rock. On the whole, therefore, we believe that the facts point 
toward a moraine bar here, rather than a narrow upward swell in the bedrock floor 
of the fiord. 

Relationships of Forest to Stages of Olacicdion. As noted by Grant and Higgins, the 
southern six-sevenths of Willard Island constitutes a relatively barren zone, though 
not one of the extremely young barren zones like those near Ripon and Lawrence Gla- 
ciers, or the ones near Barry and other glaciers in Harriman Fiord, for within it there 
are a few trees up to 10 or 12 inches in diameter. Throughout this somewhat over- 
grown barren zone, there is a scattered growth of evergreen trees and many alder thick- 
ets, but the larger part of the area has no trees, though in the open spaces thickly covered 
with grasses, moss, and peat. On the north it terminates along a definite line (marked 
as the limit of the barren zone, b, Fig. 53), extending westward across Willard Island 
from the base of the morainic bar. North of this line there is thick, mature forest, and it 
therefore seems clear that an advance of the former glacier of Blackstone Bay extended 
down to this line some scores of years and possibly over a century ago. The fact that 
the edge of this barren zone continues the line of the moraine bar just described, sug- 
gests the association of the moraine with this advance. It is to be noted, however, 
that we found no similar moraine at the western end of this zone, in the channel west 
of Willard Island; though the fact that our soundings there were a quarter of a mile 
apart, makes it possible that there is a narrow submerged moraine which we did not 
discover. 

All about lower Tebenkof Glacier and throughout the northern end of Blackstone 
Bay, there is thick, mature spruce forest extending from timber line to sea level. The 
forest ends about a mile north of Carroll Glacier on the western side of the bay and 
at Ripon Glacier on the eastern side; but there is scattered vegetation beyond this. 
Badger Point, for example, has scattered trees and thick groves with individuals ap- 
parently as old as those on the southern part of Willard Island; and at moderate heights 
above sea level there are a few clumps of good-sized spruces even on the mountain 
spur between Beloit and Blackstone Glaciers. The trees nearest the glaciers, as on 
Badger Point and between Beloit and Blackstone Glaciers and near Tebenkof Glacier, 
are tall and well formed, but some of the trees in the southern part of Willard Island 
are much stunted, very thick in proportion to height, and with limbs only on the north- 
ern side, showing that in exposed places the glacier wind, here from the south, has re- 
tarded tree development. Even with the limitations, resembling the conditions in 
southern Harriman Fiord, which of course lengthen the time since great glacial expan- 
sion, the abrupt limit of mature, thick forest on Willard Island, coinciding, as it does, 

I Bull. 443, U. S. Geol. Survey, 1910, PI. n. 
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with the position and trend of the terminal moraine to the east of this island, has been 
regarded, both by Grant and Higgins and by the junior author, not as a feature related 
either to climate or soil, but as clear proof of a maximum of the Blackstone, Beloit, 
and adjacent glaciers a century or two ago. Whether this followed a long period of 
glacial retreat during which the thick forest advanced to the very head of Blackstone 
Bay is unknown. This maximum may have been as recently as 116 years ago, for Whid- 
bey’s map made in 1794 shows Blackstone Bay much shorter (“two leagues and a half 
in length) than in 1910, though it is not detailed enough for us to be sure of the condi- 
tions; and, as usual in Vancouver’s maps, no glaciers are shown. Willard Island is 
not indicated at all in the 1794 map. 

The barren zones around the termini of Tebenkof, Ripon, Lawrence and other gla- 
ciers (bb, Fig. 53), with their youthful shrubs, attest to a more recent period of gla- 
cial change. As already pointed out, this was double in the case of Tebenkof Glacier, 
whose terminal moraines have shrubs 12 and 18 years old respectively, and perhaps 
double in the case of Ripon Glacier, in whose barren zone there appear to be moraines 
and shrubs of two ages. 

Passage Canal 

Oeneral Description. Passage Canal, as shown in Pig. 51, is an irregular fiord from 
which Port Wells, Blackstone Bay, and other branches extend. The outer portion from 
the entrance of Blackstone Bay and Port Wells eastward to Prince William Sound 
has no ice tongues whatsoever; but, as we have seen, there are numerous glaciers in 
the fiords that branch from it. The inner extension of Passage Canal, called Portage 
Bay (Fig. 51), also has ice tongues, the most conspicuous being two good-sized gla- 
ciers on the northern side, and a group of three around the western end (Fig. 54). 
Since none of these reach tidewater, Portage Bay is free from icebergs, excepting aa 
they occasionally float in from Blackstone Bay or Port Wells. 

Seth Glacier. This glacier, which is fed from the snowfield area from which Pigot 
Glacier flows eastward toward Port Wells, extends southward with a length of about 
IJ miles and a width of i mile, terminating a little over a mile north of a large 
cove on the northern side of Passage Canal. The glacier surface is clean, with one 
medial moraine near the western side, and from the fiord seems to be little crevassed* 
Its condition previous to 1909, when Grant and Higgins mapped it from a dis- 
tance, and 1910, when we saw it, is not known in suflScient detail to describe its recent 
history. 

NevS-Sheathed Mountain Slopes. A large cirque east of Seth Glacier, and between 
400 and 500 feet above sea level, contains an ice mass; and parts of the mountain slope 
between this cirque and Seth Glacier contain large n6v6 fields which mantle the moun- 
tain slope, making a type of glacier similar to the thin sheath of ice on the slopes around 
the Harriman Glacier, and between glaciers around the head of Blackstone Bay. A 
similar n6v6 mass east of Port Wells, and just north of Esther Passage, has been given 
the descriptive name of Cap Glacier by Grant. 

Billings Glacier — The Ice Tongue. This is the largest ice tongue in Passage Canal, 
having a length of over four miles and a width of about a mile. It is fed from snow- 
fields adjacent to those that supply Seth Glacier on the east and Harriman Glacier 
on the north and terminates between 1 and miles from the fiord. 
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Billings Glacier is fairly clean, with no moraines of any size. Its lower end has a 
very moderate slope, and its front has apparently been in about the same position 
and condition in 1887, when it was first shown on a map by Applegate, in 1898, when 
some of the army officers of Glenn’s party spoke of it as a “dead glacier,” in 1909 when 
it was sketched by Grant and Higgins, and in 1910, when it was seen from the fiord 
by the National Geographic Society’s expedition. No one seems to have gone near 
enough the glacier to study it in detail. 

The Valley Train, The largest stream from Billings Glacier, Cabin Creek, fiows 
southwest and south from the terminus of the glacier over an outwash gravel plain 
or valley train, receiving the stream from a small unnamed glacier on the west, and 
entering the fiord over a large delta, which has been built forward nearly a quarter 
of a mile into Passage Canal. The larger part of the outwash plain and delta is over- 
grown with willows, alders, and cottonwoods, showing not only that the glacier has 
not extended down to the fiord for many years, but that its melting does not supply 
as much water and detritus as formerly and that the building of the outwash of the 
valley train is now going on slowly; otherwise the streams would shift back and forth 
over the valley bottom and destroy the vegetation. 

A Marginal Gorge. Another glacier stream from Billings Glacier enters the fiord a 
short distance to the northeast (g. Fig. 54) and is of special interest because between 
the glacier and the fiord it flows through a narrow, steep-sided rock gorge similar to 
but deeper than the abandoned gorges on the northern side of Toboggan Glacier. The 
gorge has been cut so nearly down to sea level that, through it, glimpses of the glacier 
surface may be had from the fiord. The stream seems to have established this course 
at a time of greater expansion of Billings Glacier when the ice was several hundred 
feet thicker than now, and extended high enough for a marginal stream to establish 
the present channel across the rock spur into which it is deeply incised. The glacier 
must have long remained in this more expanded condition to have permitted this 
gorge to be cut so nearly down to sea level that it is still occupied by a stream, 
although the ice tongue long ago retreated far enough to render this channel unnec- 
essary. It is possible that this expanded stage occurred at the time when the 
glacier at the head of Passage Canal extended eastward, receiving Billings Glacier 
as a tributary, so that the broad valley now occupied by the main stream on the 
outwash gravel plain was entirely filled with ice, necessitating the cutting of tliifl mar- 
ginal channel. 

Glaciers at the Head of Passage Canal — Portage Glacier Pass. There are three 
ice tongues at the western end of Passage Canal, of which the middle one. Portage 
Glacier, is the largest. It is of particular interest because it occupies a low pass 
across the Kenai Mountains which was habitually crossed by the Alaskan natives 
and by the Russians previous to the explorations of Vancouver and Whidbey in 
1794, and probably later. The glacier now fills this pass but it has, neverthe- 
less, been used as a highway by a number of United States army parties, and 
in 1898 by many prospectors. Their route, described by Mendenhall, led three quar- 
ters of a mile over an outwash gravel plain to the glacier, up Portage Glacier to the 
divide, and down the connecting through glacier on the western side, to an outwash 
gravel plain at a distance of about eight miles from the head of Tumagain Arm, a 
branch of Cook Inlet. The total length of this portage route is between 12 and 13 
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miles/ though the isthmus is only lOj miles wide in a straight line, Davidson has 
proposed that this be called Whidbey Isthmus.^ 

There is also sL difficult, roundabout, non-glacial route from the delta of Cabin Creek, 
on Passage Canal, through a series of valleys to the north of Portage Glacier to Cook 
Inlet, This route was traversed by army parties in 1898 and 1899. Along it there 
are several small ice tongues, shown on maps by Kelly and Herron, but not otherwise 
described. 

Portage Glacier, Portage Glacier, as described by PetroflP, Mendenhall, Leamard, 
and Castner, is fed from snowfields that lie to the north and south of the pass. There 
are three tributaries from the southern side and one or two from the northern, which 
unite to form an east-west trending glacier between 4 and 5 miles long, i to ^ mile 
wide, and with the part flowing westward toward Tumagain Arm much the longer. 
The divide in this saddle-hke glacier is about a mile from the eastern terminus at an 
elevation of between 1000 and 1100 feet, and both divisions of the glacier slope mod- 
erately, excepting at the divide, which has a steep slope on the eastern side. Each 
terminus lies almost at sea level, though some distance back from it. 

Portage Glacier is best shown upon the army officer’s 1898 map and upon the map 
made in 1909 by Grant and Higgins (Fig, 51). It is also shown, less in detail, on the 
1898 map published by Mendenhall and copied on Hamilton’s map,* and on a second 
U. S, Geological Survey map ^ where the eastern terminus of Portage Glacier is shown 
incorrectly as a tidal glacier ending in Passage Canal. This error has also been followed 
in a Coast Survey chart. 

Advance of Portage Olader. When Lieutenant Whidbey arrived at the head of Pas- 
sage Canal on June 7, 1794, Vancouver states that he found that he ‘*had approached 
within twelve miles in a direction S, 60 W. of the spot where . . . (he) had ended his 
examination of Tumagain Arm. The intermediate space was an isthmus so frequently 
alluded to before, on either side of which the country was composed of what appeared 
to be lofty, barren, impassable mountains, enveloped in pe^etual snow; but the isth- 
mus itself was a valley of some breadth, which, though it contained elevated land, 
was veiy free from snow, and appeared to be perfectly easy of access; a little to the 
eastward of this valley, a rapid stream of fresh water ® rushed down a gully in the lofty 
mountains, and found its way to the sea through a margin of low land extending from 
the base of the mountains, and producing pine trees, cranberries and a few other shrubs. 
On the western point of entrance into this brook was a small house. . . . 

This house and the general appearance of the countiy removed every doubt of their 
situation being then on the eastern side of that pass, by which the Russians maintain 
a communication between their settlements in these two extensive inlets. Mr. Whid- 
bey, however, for his further satisfaction, was very desirous of finding the road or path 
by which the intercourse was carried on; and although he was unsuccessful in ascer- 
taining this, yet it did not appear to him that any particular track was necessary, as 

iTarr, R. S. and Martin, Lawrence, Annals Assoc. Amer, Geographers, Vol. IX 1912, pp. 88-89 and 
Fig. 1 on p. 27. 

» Davidson, George, Op. dt., p. 24. 

■ PI. n in Bull. 277, U, S. Geol. Survey, 1906. 

< FI. I in Bull. 327, U. S. Geol. Survey, 1907; see also Coast and Geod. Survey, Chart 8660, 1909. 

• Cabm Creek, the largest stream from Billings Glader, 
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the valley has a tolerably even surface, and was nearly destitute of any vegetable 
productions, and was equally passable in all directions. Its situation and character 
corresponded also with the description of it given by the Russians, and Mr. Whidbey’s 
mensuration agreed nearly with the distance across as stated by them, namely, about 
sixteen versts.” 

Before 1880 when PetroflF made journeys in this part of Alaska while taking the census, 
and 1887 when Applegate visited the head of Passage Canal, the Portage Glacier had 
apparently advanced and occupied Whidbey's “valley of some breadth,” which con- 
tained “elevated land,” and was “very free from snow and appeared to be perfectly 
easy of access,” leaving a “tolerably even surface,” “nearly destitute of any vegetable 
productions,” and “equaUy passable in all directions.” Petroff’s description indicates 
that a great glacial advance had taken place, for he states that a “glacial formation 
forms the portage route between Chugatch bay^ and Cook’s Inlet”; and he shows 
the glacier on his map of 1880, much as at present. Applegate’s map, based upon a 
close observation from his schooner in June, 1887, has the Portage Glacier joining the 
one from the north and ending on the land just west of the head of Passage Canal. 

Although admitting a reasonable doubt that Whidbey may not have known a valley 
glacier when he saw one, we feel rather certain that a great advance had taken place. 
It is clear that the portage route used by the natives and the Russians was not the 
non-glacial route traversed by army parties in 1898 and 1899, although this starts 
from near the Russian house at the mouth of Cabin Creek on the delta of the stream 
from Billings Glacier. This seems certain because (a) this route is too long, and (b) 
within miles of Cabin Creek it goes over a 3000-foot, snow-covered pass. Such 
a route could not have been traversed habitually by the natives, taking their canoes 
with them; and that this was the case at the time of Whidbey ’s exploration, is indi- 
cated by Vancouver’s statement that in 1794 Lieutenant Johnstone encountered some 
strange natives in eastern Prince William Sound and “clearly understood that the 
strangers had come immediately from Groosgindoose, or Cook’s Inlet, and thai they ^ 
with their canoes, had crossed the iethmus overland thai separates this sound from TurU’^ 
again Arm^ 

Neither does it seem probable that the natives carried canoes over the Portage Gla- 
cier as at present, for it ascends so steeply east of the divide that in 1898 the prospectors 
had to use ropes and pulleys in drawing their sleds up over the last ascent. Moreover, 
Alaskan natives are notoriously timid about trusting themselves on glaciers. None 
of Vancouver’s maps show glaciers, even where they existed, but they are usually men- 
tioned, so that we feel quite confident that in 1794 there was no Portage Glacier of 
anything like the present dimensions. Judging by his other descriptions, Whidbey 
would not have described, in the language quoted, a valley that contained a glacier 
with an ascent in the first mile to over 1000 feet, and with the terminus only three- 
quarters of a mile from the coast where he stood. 

It therefore appears probable that before 1794 the through valley in which Portage 
Glacier now lies was free from glacier ice, though the tributary glaciers doubtless ex- 
isted as separate ice tongues. If this inteipretation of the discrepancy between present 
conditions and earlier descriptions is correct, there has occurred here between 1794 

1 An old name for Prince TMiam Sound. 

* The italics are Vancouver's. 
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^ind 1880 an advance of from one to three miles, by the forward movement and union 
of the two side glaciers, thus filling the pass with a double-ended through glacier. 

Stagnation in Recent Years, We have no evidence of changes in Portage Glacier 
between 1880 and 1887, nor between 1887 and 1898. From 1898 to 1909, when the 
eastern end of the glacier was mapped and briefly described by Grant and Higgins, 
there was little change (Fig. 51), and between 1909 and 1910 there was no noticeable 
change. In the latter year, the glacier surface had little morainic debris and there 
were no conspicuous moraines. As seems to have been the case throughout its recent 
history, the ice at the time of our visit was only moderately crevassed. We observed 
no barren zone around the glacier borders, and mature trees on parts of the outwash 



Fig. 64. Map Showing Inneb Portion op Passage Canal (Portage Bat) with Soundings Made in 1910. 


Soundings in feet. Submerged contour interval, 200 feet. (Outline of coast and glaciers after Grant and 
Higgins.) 

gravel plain, between the glacier and the head of Passage Canal, show that it could not 
have reached tidewater at any time in its recent history. 

Leamard Glacier. Leamard Glacier,^ a smaller ice tongue north of Portage Glacier, 
terminates within a quarter of a mile of the fiord (Fig. 54), to which it sends a stream 
over the outwash gravel plain in front of Portage Glacier. The glacier slopes with a 
veiy low grade and ends in the mouth of a deep, narrow valley. It is considerably 
encumbered with morainic debris, so that its terminus is dark. 

Detached Ice Mass. , Between the terminus of the glacier and the head of the fiord 
is a large, irregular-shaped hiU, which from a distance looks like a mine dump, but 
which is really a detached mass of ice covered over with angular ablation moraine, 
including much black slate. This debris has retarded melting during the period since 

» Named in 1910 for lieut, H. G. Leamard. 
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the ice mass was separated from the main glacier. The size of the trees between Leamard 
and Portage Glaciers preclude the possibility that this detached ice remnant was sup- 
plied by Portage Glacier. 

The Leamard Glacier has continued to melt back for the last twelve years, for while 
in 1909 the terminus was dark with debris, in 1898 it was white ice. The detached ice 
mass, however, has changed very little since 1898, for Mendenhall and Glenn de- 
scribed it vividly, in language which in all essential respects depicts the 1910 conditions. 
Yet that it is slowly wasting away is proved by its irre^ar surface, due to slumping 
and by the almost complete absence of vegetation on its surface. To show the condi- 
tions in 1898, we give Mendenhall’s description, then that of Glenn, which furnishes 
a few additional items. 

**This little glacier illustrates very well the rapidity of the ice retreat and shows us 
the processes whose results only remain in portions of the New England landscape. 
One quarter of a mile out from its present terminus is a hillock 220 feet high and half 
a mile long, with its longer axis parallel with the glacier front. It is now separated 
from this latter by an open valley paved with bowlders. At first sight this elevation 
was supposed to be a simple terminal moraine, but upon examination it proved to con- 
sist mostly of ice deeply covered with angular debris, which is also disseminated through 
it. This remnant of the glacier seems to stand near a position which the ice front occu- 
pied long enough to become covered by a sufficiently thick mantle of protective d6bris, 
so that melting was not so rapid as in the less well-protected part of the glacier just 
back of the front. The separation from the glacier was probably facilitated by the 
exit of the subglacial stream through a tunnel back of the protecting mantle. The 
combined melting from above and below soon removed this neck, leaving the former 
front isolated as it stands today. Since its isolation it has been ishrinking each summer, 
and now occupies less than half of its original area. Around its seaward side is a belt 
of rough ground of slight relief covered with angular and unsorted material, which 
has been let down into position by the melting of the ice front. The outer rim of this, 
zone is somewhat higher than the inner portion, giving it the form of a shallow amphi- 
theater facing the remnant of the glacier which remains. The stability of the position 
of maximum advance for a short time due to the balance between flow and melting 
at the front accounts for the slightly greater accumulation there and the building of 
the low rubble wall. 

These recent glacial details of topography are the more striking since they are built 
upon a smooth water-laid deposit of relatively fine material. This delta is of the type 
which usually forms before glaciers in these fiords, and gives about the only level areas 
to be found near sea level in a region of sharp topographic forms. At its outer margin 
a short distance seaward from low-tide level, the ddta slopes abruptly to the profound 
depths so often found iu these inlets.” 

Glenn states that in 1898 the stagnant ice block consisted of a "detached or isolated 
1^ not far from tide-water, and contains not to exceed 2 acres of surface on its top. 
It is surrounded at a distance of from 30 to 30 yards from its base with a pile of rocks 
or bowlders, which evidently marks its original size. From this circle this moraine has 
gradually receded for a number of years, due to the action of the elements. Within 
this circle of bowlders others have been deposited, but in no regular order. The top 
and sides of this moraine are covered with a collection of dirt and stones to a depth 
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of several feet. In the northeast comer there is a circular opening that shows a clear, 
blue ice. At the bottom of this we discovered two caves running for an unknown dis- 
tance into the ice. In front of this opening snow has drifted to a depth of 30 to 50 feet.” 

The preservation of such a detached ice mass for a period of over twelve years, as 
a result of the protection aflPorded by a thin cover of ablation moraine, is a matter of 
considerable interest. 

A Cascading Glacier, The ice tongue east of Portage Glacier is a cascading glacier, 
heading in snowfields from which also the southern tributaries of Portage Glacier de- 
scend northward, and the Carroll, Concordia, and Milton Glaciers of Blackstone Bay, 
eastward. It descends part way down the fiord wall and terminates several hundred 
feet above sea level three fourths of a mile from the shores of Passage Canal. Men- 
denhall described it as a glacier which “spills over the mountain rim 2000 feet above 
tide in an ice cataract,” and in 1910 it was much the same. A number of small streams 
with waterfalls drain this cascading glacier and are still building extensive outwash 
gravel deposits, which end in a projecting delta on the south side of the fiord, near 
its head. Around the borders of this cascading glacier, which is clean and severely 
crevassed, is a moderate-sized barren zone, showing that the glacier has recently been 
more extensive than at the present time. There are several small ice masses ending 
high on the moimtain slope east of this cascading glacier. 

Glacial Erosion in Passage Canal — Fiord Walls, That Passage Canal has been in- 
tensely glaciated is proved by the pronounced glacial smoothing and striation. The 
northern wall, near the head, has broad, eastward-descending rock benches (PI. CXLIII), 
2000 feet or more above sea level, showing a minimum height to which it has been gla- 
ciated, and proving that the ice moved eastward in Passage Canal. The northern 
side of the fiord, from Portage Glacier to Blackstone Bay, is much steeper than the 
southern, which has projecting, untruncated spurs and some islands, suggesting that 
the main ice stream moved with more power on the northern side. There is no essen- 
tial difference in the degree of oversteepening of the northern fiord wall to the east and 
west of Seth Glacier cove, although the walls in the portion to the east are granite, 
and in the portion to the west graywacke and slate. 

Cirques and Hanging Valleys, The cirque east of Seth Glacier is one of several such 
forms in Passage Canal, excavated by glacial erosion. The cascading glacier east of 
Portage Glacier, and several others near it, are in hanging valleys. The valley of Bil- 
lings Glacier is apparently cut down to sea level but may have a discordant relationship 
to the fiord bottom. Seth Glacier is in a hanging valley, in the lip of which the stream 
has cut a deep rock-walled gorge. 

Through Valley. The moat conspicuous work of glacial erosion above sea level is in 
the through valley occupied by Portage Glacier (PL CXLIV). This has been cut well 
down toward sea level, forming the only low pass across the Kenai Mountains, whose 
other passes are 3000 feet or more high, and whose snowfields and peaks rise to a 
general elevation of five or six thousand feet. 

Submarine Topography of the Fiord, The fiord is 576 feet deep near its head at a point 
within half a mile of the outwash gravel plain of Portage Glacier (Fig, 54), and the 
bottom slopes at an average rate of 60 feet to the mile. It is 1176 feet deep near the 
entrance of Blackstone Bay, ten miles to the east. Eight miles farther east, outside 
the entrance of Port Wells (Pig. 49), the depth is 1428 feet, the bottom slope having 
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decreased to 30 feet to the mile. The average bottom slope for 18 miles is, therefore, 
concave upward and, like a stream course, steepest at the head. The lines of soundings 
across the fiord opposite the mouth of Blackstone Bay, and east of Port Wells, show 
that it has a broad flat bottom; and the typical steep waUs of the visible portion of 
the fiord are continued below sea level, a depth of 1170 feet being found a quarter mile 
from the northern shore just west of Pt. Pigot. 

There are two conspicuous interruptions of the slope of the fiord bottom (Fig. 54), 
one near the delta of Billings Glacier, where the water is only 540 feet deep, thus rising 
216 to 264 feet above the fiord bottom on either side. The other is opposite the mouth 
of the cove of Seth Glacier, where the water is only 666 feet deep, thus rising 392 to 
390 feet above the adjacent bottom. These may be either submerged moraines or 
ledges between rock basins in the fiord bottom, due to glacial erosion, and information 
is not available for determining between these two possibilities. It is noteworthy that, 
as in other fiords of Prince William Sound, each of these irregularities comes near where 
the trunk glacier formerly received a tributary. 

In addition to the visible hanging valleys along the fiord walls above sea level, there 
are probably also submerged hanging valleys- The cove of Seth Glacier on the northern 
side of the fiord, the cove southwest of it, on the opposite side of the fiord, and a number 
of smaller indentations are suspected to have this relationship, though soimdings were 
not made. Blackstone Bay may have a slightly discordant relationship to Passage Canal 
(96 feet), though this is thought doubtful, because the combined Tebenkof and Black- 
stone Bay Glaciers must have nearly or quite equalled the former Passage Canal Glacier 
both in volume and in erosive power. ^ 

S'parseness of Glacial Deposits. There is conspicuous absence of glacial deposits in 
Passage Canal. The outwash gravels of the Billings Glacier valley train, with the 
large delta at its terminus, and the outwash flat at the head of the fiord, near Portage 
Glacier, are the only deposits of any size above sea level, although there is the usual 
irregularly distributed veneer of ground moraine. Mention has already been made of 
the 540 and 666-foot submarine ridges, which may represent submerged moraines due 
to halts of the southwestward retreating ice tongue of Passage Canal it they are not 
rock swells associated with eroded basins. 

Vegetation. Mature forest at sea level extends up to the very head of this fiord, 
and there is no suggestion of recent glacial expansion excepting the small barren zone 
of the cascading glacier and the detached, moraine-covered ice block in front of Leamard 
Glacier. These are but minor exceptions, and the forest trees, which attain a diameter 
of a foot or two, show that the general glaciation was centuries ago. 

CocHHANE Bat 

This fiord is just east of Blackstone Bay, and might be considered a southward ex- 
tension of Port Wells, across Passage Canal. It is to 4 miles wide, 12 miles long, 
and its head is within 4 or 5 miles of the Applegate Arm of Port Nellie Juan fiord to 
the south. Glacial erosion has doubtless given Cochrane Bay much of its" present form 
and depth, the water being 1428 feet deep near its mouth which joins Passage Canal 
with accordant grade, as does Port Wells to the north. 

Whidbey in 1794 sketched the outlines of this bay; and Vancouver speaks of it as 
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bay about a league and a half wide, and about three miles deep in a south direction, 
where it was terminated by a similar boundary of ice and frozen snow as before de- 
scribed reaching from a compact body of lofty frozen mountains to the water’s edge.” 
Grant and Higgins infer that this description refers to either Tebenkof or Blackstone 
Glacier; but neither the text nor the map seem to us to harmonize with this inference. 

None of the later explorers described a tidal glacier in this bay and it has no tidal 
glaciers at present and is free from floating ice. Three glacial streams flow into Coch- 
rane Bay from the western side; (1) a stream from the eastern lobe of Tebenkof Glacier; 
(2) one from a small glacier in the mountains between the Tebenkof valley and Cochrane 
Bay; and (3) one from the larger Rainy Glacier (Fig. 55), which extends northeastward 
from the snowfields near the head of Tebenkof Glacier. 

Near the mouth, at least, Cochrane Bay has thick mature forest, but since we did 
not see the conditions near the head, we do not know whether there is such young vege- 
tation as to support the theory of a tidal glacier having retreated southward more than 
eight miles since 1794. The divide between Cochrane Bay and Port Nellie Juan is 
said by Grant to be less than 200 feet high, making it clear that when the Port Wells 
and Passage Canal ice tongues filled Cochrane Bay with ice the expanded glacier spilled 
over southward into the Port Nellie Juan fiord. 


CiTiiBOSB Passage 

Culross Passage, a narrow, crooked channel east of Cochrane Bay, extends southward 
from Passage Canal to Port Nellie Juan. It is nearly 11 miles long and from a few 
hundred feet to a mile wide. There is a branch inlet miles long on the western side, 
Culross Island, forming the eastern side of Culross Passage, rises to a height of 1 or £ 
thousand feet, and the mainland on the west is even higher, but the pass^e is not fiord- 
like, having gradually-sloping walls in most places, and in some portions having very 
low land near its shores. 

At one point, however, there are moderately high, precipitous cliffs. About half way 
through the passage, the soundings show a submerged divide, with depths of 66 to 
78 feet, contrasting with depths of 342 and 836 feet at the northern and southern ends, 
the former hanging 1062 feet above the bottom of Passage Canal. This is interpreted 
as indicating that most of the Port Wells and Passage Canal ice moved eastward into 
Prince William Sound, while little ice streamed southward through Culross Passage, 
which was, therefore, not deepened much and has many unconsumed rock reefs. At 
the time of maximum glaciation, however, when Passage Canal and Port Nellie Juan 
were filled with great glaciers, this passage was undoubtedly full of moving ice. As 
seen from either Passage Canal, Culross Passage, or Port Nellie Juan, Culross Island 
looks as if it had been completely overridden and rounded at the expanded stage of 
glaciation. 
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CHAPTER XVin 


OTHER GIACIERS OF PRINCE WILLIAM SOUND 
Gbogeapht 

The remaining glaciers of Prince William Sound are those in (1) Port Nellie Juan» 
(2) Icy Bay, (S) the islands of southwestern and southern Prince William Sound, and 
(4) the fiords on its eastern side. Port Nellie Juan and Icy Bay are fiords south of 
Passage Canal in which terminate good-sized glaciers from the snowfields of the Kenai 
Peninsula. There are small local glaciers on Knight and Montague Islands, which are 
respectively east and southeast of Icy Bay. The fiords on the eastern side of Prince 
William Sound contain small-sized glaciers, which extend westward from the snowfields 
of the Chugach Mountains. 

Acknowledgments 

The National Geographic Society’s 1910 expedition did much less work on the glaciers 
described in this chapter than in the other parts of Prince William Sound, and the dis- 
cussion will, therefore, be very brief, especially as the ice tongues are much smaller than 
those in the fiords thus far described. 

Acknowledgment has already been made of the full use of the photographs, maps, and 
brief reviews of results of work by Grant and Higgins, which we had for use in the field. 
While writing the final draft of this chapter we also had before us their preliminary 
account, published in 1911, and have made use of their results for the general description 
of the glaciers which is necessary for an understanding of the brief observations and inter- 
pretations we were able to make in 1910. The failure of our supply of gasoline made it 
necessary to confine our detailed field work to the glaciers in the outer portions of Port 
NeUie Juan and Icy Bay, and to abandon all sounding after leaving Passage Canal and 
Culross Passage. Our description of the ice tongues in Port Nellie Juan and Icy Bay is 
supplemented by the work of Grant and Higgins, and by earlier observations of Portlock, 
Vancouver, Seton Karr, Applegate, Gleim, Perkins, and others. 

The descriptions of the glaciers of Knight and Montague Islands and of the fiords of 
eastern Prince William Sound, which no one has th\is far visited, except for a hurried 
trip up Port Fidalgo by Schrader, are based upon our views from a distance. 

The charts of the United States Coast and Geodetic Survey furnish data for the inter- 
pretation of submarine topography, tiie latter topic being partly postponed for discussion 
in the chapter on the glaciation of Prince William Soimd. 

PoBT Nellie Jtjan 

Topography, Port Nellie Juan, which is connected with Passage Canal by Culross 
Passage, consists of three parts ?--(a) an outer portion, trending northeast-southwest 
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from Prince William Soxmd, with, a length of 12 miles and a width of 2 to 4 miles; (b) 
a middle portion trending nearly at right angles with the last and having a length of 6 
miles and a width of about 2 miles ; and (c) an inner portion, called Applegate Arm, extend- 
iog at right angles to the last and nearly parallel to the outer division, with a length of 
ISJ miles, and a width of 2 or 3 miles. 

At the southern end of the outer portion is the cove containing Nellie Juan Glacier, and 
Blue Fiord, at the head of which is Ultramarine Glacier. A. fiord called McClure Bay 
lies further northeast. With the exception of Contact Glacier on the southern side there 
are no ice tongues close to the shore of the second section of the fiord, which has several 
indentations. Applegate Arm has three ice tongues on the western side and five on the 
eastern. The Kenai Mountains near this fiord rise to heights of four or five thousand 
feet, with peaks that are even higher. 

Observations of Glaciers, The observations of the ice tongues of Port Nellie Juan 
began in May, 1887, when Applegate discovered and explored this fiord, making a map 
which was first reproduced by Davidson,^ Applegate published no description of the 
glaciers. 

In August, 1908, Grant and Higgins spent two days in this inlet, making a map 
(Fig. 55), taking many photographs, and making the observations which are quoted in 
this chapter.* 

The junior author spent August 6 to 8, 1910, in Port Nellie Juan, visiting the Nellie 
Juan Glacier and seeing Ultramarine and Cotterell Glaciers from a distance. As 
already stated, we were unable to make soundings or to visit Applegate Arm. 

Nellie Juan Glacier — The Ice Tongue. Nellie Juan Glacier rises in imexplored snow- 
fields of the Kenai Mountains (Fig. 55), flowing northeastward to a cove on the southern 
side of the fiord, with a known length of over 8 miles and a width at the terminus of a 
mile. West of it a smaller glacier descends from the same snowfield. Nellie Juan 
Glader is only moderately crevassed, has a low terminal slope, and two miles from the 
terminus is fed by two good-sized tributaries, the larger branch being on the northern 
side. The cove in which this glacier terminates is about 2i miles long, and to 2 
miles wide. Although the glacier extends down to this cove, the terminal ice cliff of 
1910 did not reach the sea at low tide except in a small V-shaped indentation near the 
eastern margin, the only point where icebergs were then discharged. At high tide the 
water bathed most of the terminus of the glacier, which was precipitous though not very 
high; but at low tide the glacier front was separated from the cove by a narrow strip 
of sand, across which several streams flowed, the chief one being near the western 
edge, where the glacier terminus rested on a granite hill. 

Retreat of Glacier. When first mapped by Applegate in 1887, this glacier is repre- 
sented as terminating in the sea, its ice cliff facing the northeast. There was slight re- 
treat from 1887 to 1908, when Grant and Higgins showed the terminus on the land, much 
as in 1910. Their description states that the end of the glacier “rests on a gravel beach, 
most of -which is covered by high tide; and near the center of the front the ice is bathed 

» Applegate, S., map reproduced in Davidson’s Glaciers of Alaska that are Shown on Russian Charts or Men- 
tioned in Older Narratives, Trans, and Proc., Geog. Soc. of the Pacific, Vol. 8 , 1904, pp. ^ 6-7 and Map XI. 

• Grant, U. S. and Higgins, D. P., Glaciers of the West Coast of Prince WOliam Sound, Bull. Amer. Geog. 
Soc., Vol. XLni, 1011, pp. 409-413; preliminary notes in H. F. Reid’s Variations of Glaciers, Joum. Geol., 
Vol. XVn, 1909, p, 671; maps in Bull. 284, U. S. Geol. Survey, 1906, Fig. 4, p. 79; in Bull. 879. Ihid., 1909, PI. 
IV, facing p. 88, and in Bull. 448, Ibid., 1910, Pis. I and 11. 
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by low tide water. On both sides of the lower part of the glacier is a distinct bare zone 
of smoothed granite, and this bare zone, which is 100 to 500 feet in width, ends abruptly 
at the edge of a forest covered tract. This zone is prominently developed on a granite 
knob, almost an island, at the west side of the glacier front. Crossing the top of this 
knob is a small moraine . . . from 1 to 10 feet in height and 5 to 30 feet in width. 

This moraine contains decaying fragments of trees and just to the north of it is an area 
of scattering trees, some of which are a foot in diameter. To the south of the moraine 
is some vegetation, — moss, grass, alders 5 feet high, and a few spruce trees 4 feet high. 
Most oi the vegetation disappears half way from the moraine to the ice front. From the 
extreme summit of the above granite knob the nearest point of the moraine is 48 feet 
distant in a direction S. 10° W. From the same summit the extreme front of the glacier 
is 600 feet distant in a direction S. 13° W. 

“ The moraine noted above marks the farthest advance of the ice since the growth of the 
present forest, i. e., for a century, and most probably for a few centuries. The date of 
this maximum historical advance, is at a miniTumn , twenty years, and probably the actual 
date is considerably longer ago than twenty years.” 

Two years later our comparison of photographs showed little retreat since 1908. The 
glacier surface was quite smooth and apparently still wasting, and a smaller portion of the 
ice front was bathed by low tide. The marginal stream on the eastern side was of great 
size and was building a steeply-sloping delta whose area increased greatly from 1908 to 
1910. Grant’s conclusion that the advance in association with the terminal moraine 
had taken place at least twenty years before 1908 would seem to associate the advance 
with the tidal condition of the glacier when mapped by Applegate in 1887. In connec- 
tion with the long stand of the glacier terminus, with only about 500 feet of retreat in 
23 years, there has accumulated an extensive terminal deposit of gravel, sand, and clay, 
laid down in large part below sea level. The weak terminal moraine on the land, the 
broader terminal deposit in the sea, and the barren zone are all conspicuous phenomena 
in connection with the history of Nellie Juan Glacier from 1887 to 1910. 

The Outwash Fan. West of the rock hill a narrow lobe of the glacier sends a stream 
northward across an extensive outwash gravel fan, the margin of which is submerged 
for i mile at low tide. This fan, which is over J mile wide, has tied Nichols Island to 
the mainland, but on the northern edge, near the island, there is a channel connecting the 
main cove with the narrow inlet to the west of Nichols Island. A slough of clear water 
flows across this flat even at low tide, and enters the bay in front of Nellie Juan Glacier. 
Its current is distinguishable for several hundred feet offshore in the midst of the milky- 
white glacial waters of the rest of the cove. Another of the streams from the western 
margin of the glacier flowed across the fan to the branch of the fiord west of Nichols 
Island. This portion of the fan completely surrounds a rock islet. The surface of the 
fan is barren, evidently because the glacial streams have occupied its surface contin- 
uously. It has an unusually steep slope and parts of it are made up of very coarse 
bowlders. In recent years, with the retreat of the glacier and diminution of debris 
supply, some of the streams have incised moderately-deep gulleys in the fan. 

Ultramarine Glacier. This glacier terminates in Blue Fiord, which is 4^ miles long, 
i to 1 mile wide, and very precipitous. The length of the Ultramarine Glacier is im- 
known, only a mile of it having been mapped, and at the terminus it has a width of about 
J of a mile (Fig. 56). Like Nelhe Juan Glacier, it is fairly clean and moderately 
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crevassed. It is not tidal, but is separated from the fiord by a narrow strip of outwash 
gravels. 

Applegate, the only one who has been close to the glacier, so far as we know, indicates 
on his map that in 1887, when he went within less than half a mile of it, there were visi- 
ble reefs in front of the terminus, which was then tidal. 

Grant and Higgins, after their visit in 1908, stated that “the glacier comes within about 
a quarter of a mile of tide water and the western part of the front extends farther forward 
than the eastern two-thirds and rests on a glacial flat. The eastern part of the front 



Fig. 55 . Poet Nbluu Juan and Its Glacibes in 1908 (Aptbe Applbgatb, and Geant and Higginb). 


rests on a rock ridge about 300 feet above the sea. On this ridge there is a marked bare 
zone, and also one on the side of the glacier. The front of the glacier was not visited, 
but at a distance this bare zone appears as if the ice had retreated from it in the last two 
or three years. Applegate’s map indicates that the glacier in 1887 reached to tidewater 
along its whole front. The forest in front of the eastern part of the glacier shows that 
this could not have been the case, although the western part may have reached tide water 
at that time, but even this is doubtful. Our observations on this glacier were made at 
a distance of about a mile and a half.” 

Since we saw Ultramarine Glacier in 1910 from a distance of several miles we cannot 
say whether it had changed any in the last two years. It was evident, however, that 
there had been no great change in the way of advance or retreat. 



374 


ALASKAN GLACIER STUDIES 


Glaciers of Applegate Arm. The glaciers of Applegate Ann are Cotterell, Taylor, and 
Claremont Glaciers on the western side, and Langdon, Kings, Applegate, Falling, and 
smaller ice tongues on the eastern side. The ice tongues of the western side of Apple- 
gate Arm are fed from the snowfields which also supply ice to Tebenkof Glacier and the 
ice tongues at the head of Blackstone Bay. Several of these glaciers were mapped by 
Applegate, who went close to them when he discovered this fiord, in 1887. They were 
surveyed more in detail by Grant and Higgins in 1908 (Pig. 55), but up to the present 
time, with the exception of a brief note, quoted below, they have published no descrip- 
tion of the outwash gravel fans and barren zones, which they mapped, together with 
a terminal iQoraine of Claremont Glacier. They stated that when they visited this 
fiord they did not examine in detail the glaciers on its western side. 

“South of the central part and east of the southern part of Port Nellie Juan is a snow- 
field of unknown but considerable extent. Several glaciers flow north and west from this 
field, and . . . Falling Glacier reaches tide water. On the west side of the south- 

ern part of the port (Applegate Arm) are other glaciers, one of which, the Taylor, reaches 
tide water. The head (of Applegate Arm) is shallow and the waters very muddy. This 
is due to streams from the adjoining glaciers, and especially to . . . Kings River, 

entering the head of the port . . charged with glacial silt (coming) from one of 

the largest ice covered areas of the Kenai Peninsula,*’ 

The National Geographic Society’s party saw only Cotterell Glacier in 1910 and this 
at a considerable distance, so we have no information as to the behavior of the glaciers 
of Applegate Arm from 1908 to 1910. The largest glacier of Applegate Arm, which sup- 
plies the water of Kings River, has not yet been mapped or studied. 

Olaciaiion of Port Nellie Juan. In this broad, deep fiord the evidence of the former 
extension of the glaciers is clear, the glaciated fiord walls, especially the precipitous north- 
western side of Blue Fiord, the plucking of the well-jointed granite of the rock hill at the 
terminus of Nellie Juan Glacier and on Nichols Island, and the glacial striae, making it 
plain that the whole fiord was formerly filled by an ice tongue which flowed into Prince 
William Sound. 

Glacial deposits are of small extent, and the fairly thick, mature growth of vegetation 
(for example, on Nichols Island and on the mainland near Nellie Juan Glacier) makes 
it clear that the last greatly expanded stage of these glaciers was more than a centuiy ago. 

The small barren zones near Nellie Juan and Ultramarine Glaciers, and near the ice 
tongues of Applegate Arm, mapped and described by Grant and Higgins, are interpreted 
as evidence of a slight advance, two decades or more ago, similar to the advances in the 
fiords to the north. 

The extent to which glacial erosion has deepened and otherwise modified the fiord is 
likewise unknown. Judging b^ the absence of many reefs and of kelp away from the 
shores, it is assumed that here, as elsewhere, the fiord has been deepened throughout by 
glacial erosion, 

IcT Bat 

General Description. The entrance to Icy Bay, which is connected with Prince William 
Sound both to the north and south by a broader fiord called Enight Island Passage, is 
between Chenega Island and Point Countess. The outer part of Icy Bay (PI. XCIH) 
trends northwest-southeast for 8 miles, with a width of 3 to 4 miles; while the inner 
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part extends at right angles to it with a length of about 13 miles and a width of from J to 

miles. Pacing the entrance is Chenega Island, north of which Dangerous Passage 
also connects Icy Bay with the northern portion of Knight Island Passage, The inner 
part of Icy Bay has a cove on the southern side which is separated from Port Bain- 
bridge by a narrow isthmus from one half to three fourths of a mile in width (Fig- 56). 
The head of Icy Bay, to the southwest of this cove is less than half a mile wide and is 
terminated by a tidal ice tongue called Tiger Glacier. On the northern side of inner Icy 
Bay is a larger indentation nearly two miles in length and from one half to two miles 
wide, and partly cut off from Icy Bay by a high, rockj’’ peninsula. Chenega, Princeton, 
and Tiger’s Tail Glaciers terminate in this indentation, which is called Nassau Fiord. 
Small icebergs from this bay drift out into Knight Island Passage, sometimes being 
seen as far east as Latouche Island, along a channel regularly traversed by steamers. 
The depths of water in Icy Bay are unknown except at the mouth, in Knight Island 
Passage, where the fiord is 1000 to 1350 feet deep,^ and in Icy Bay opposite the mouth 
of Nassau Fiord where it is 300 feet.* The fiord walls are steep and the adjacent 
mountains rise to heights of several thousand feet above sea level. 

Observations of Glaciers. The information about the glaciers of Icy Bay is based upon 
observations by Portlock * in 1787, Vancouver ^ in 1794, Seton Karr® in 1886, Applegate® 
in 1887, Glenn ^ in 1898, Grant and Higgins ® in 1908, Perkins ® in 1909, and the National 
Geographic Society’s expedition in 1910. 

Glaciers of Nassau Fiord — Chenega Glacier. Chenega Glacier is known to be at least 
3 miles long, plus a continuation in unexplored snowfields, and is fed by two large tribu- 
taries, and at least one small one. It terminates in Nassau Fiord with a vertical ice 
cliff nearly half a mile in width and 135 feet high. It is a dean white ice tongue with no 
medial moraines and descends a steep slope of 500 or 600 feet in the last quarter of a mile, 
with severe crevassing. Above this the glacier has a more moderate slope. Many ice- 
bergs are discharged from this, the most active tidal glacier in Icy Bay. Aroimd its 
terminus, and on a nunatak between its two chief tributaries, is an extensive barren zone; 
and the absence of vegetation throughout most of the lower slopes of Nassau Fiord indi- 
cate recent extensive retreat. 

Historical evidence, reviewed later, indicates that Chenega Glacier, joining the ad- 

^ U. S. Coast and Geod. Survey, Chart No. 8650. 

I Soundings by Capt. W. P. S. Porter of the steamship Yucatan which took the Perkins party into Icy Bay 
in 1009. Personal communication from Mr. George W. Perkins. 

> Pordodc, Nathaniel, Voyage Round the World, London, 1789, p. 240. 

4 Vancouver, George, Voyage of Discovery to the Pacific Ocean and Round the World, Vol. V, London, 1801, 
pp. S04-805; maps republished by Davidson (see bdow) Maps IV and V. 

6 Seton Karr, H. W., Shores and Alps of Alaska, London, 1887, pp. 228HS29. 

• Applegate, S., quoted in Davidson’s Gladys of Alaska That are Shown on Russian Charts or Mentioned 
in Older Narratives, Trans, and Proc. Geog. Soc., Pacific, Vol. S, 1904, p. 23. 

» Glenn, E. F., War Dept, Adj.-Gen. OflSce, No. XXV, 1899, map in pocket. 

“ Grant, U. S. and Higgins, D. F., Gladers of the West Coast of Prince William Sound, Bull. Amer. Geog. 
Soc., Vol. XLTTT, 1911, pp. 410, 414-416; Tidewater Glaciers of Prince TOUiam Sound and Kenai Peninsula, 
Bull., U. S. Geol. Survey (in preparation); also in H. F. Rdd’s Variations of Glaciers, Joum. Geol., Vol. 
XVn, 1909, pp. 6T0-671; also Maps in Bull. 284, U. S. Geol. Survey, 1906, Fig. 4 on p. 79; Ibid,, Bull. 879, 1909, 
PI. IV facing p. 88; Ibid., Bull. 448, 1910, PI. I facing p. 10 and PI. H, in pocket. 

• Perkins, George W., Personal communication. 

w Martin, Lawrence, Nat. Geog. Mag., Vol. xXTT, 1911, pp. 661, 666; Joum. Geol., Vol. XIX, 1911, p, 468. 
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jacent ice tongues, was much more extensive and retained essentially the same position 
between 1787 and 1898, and that it retreated a long distance between 1898 and 1908. In 
the latter year the glacier was studied and mapped by Grant and Higgins,^ when they 
spent one day in Iqy Bay, making the map reproduced as Fig. 56, taking photographs and 
discovering the retreat of two to three miles. They quote a native tradition that this 
glacier extended to the mouth of Icy Bay about a century before and interpret thia as 
meaning the mouth of Nassau Fiord because of the relationships of forest and barren 
zones. 

In 1909 the G.W. Perkina party visited Icy Bay and proposed that this ice tongue 

be called Princeton Glacier; 
but, since Grant had previ- 
ously called it Chenega, the 
name Princeton is applied 
by Grant to the glacier east 
of it. Perkins also named 
the Tiger’s Tail Glacier, the 
Tiger Glacier, and Nassau 
Fiord; and one of the offi- 
cers of his ship determined 
the height of the ice cliff of 
Chenega Glacier. 

The National Geographic 
Society’s 1910 party spent 
portions of two days at 
Chenega Glacier, and found 
the ice front in about the 
same position as in 1908. A 
comparison of photographs, 
taken from one of the Grant 
and Higgins* photographic 
stations (c, Fig. 56), showed 

Fig. fi6. The Giachbes op Ict Bat in 1794, 1898, and 1908. ^ years no signifi- 

Barreu zone shown by dashed line and letter b. Soundings in feet. c h a n ge, although con- 

(After Vancouver, Glenn, and Grant and BGggins.) ditions along the eastern 

. , edge, and an especially 

marked increase m the height of the terminal cliff, suggested the possibility of a slight 
advance being then in progress (PL CXLV, A). 

Princeton Gla^. Princeton Glacier, of about the same size as Chenega Glacier and 
fed from adjoining snowHelds, is no longer tidal. The terminus of the eastern margin is 
so encumbered with ablation moraine, that this side of the glacier appears dirty. About 
a half mile back from the water s edge, there is a medial moraine near the eastern margin 
which, however, extends diagonally across the glacier, so that at the terminus, it is close 
to the western margin. 

The lower end of the Princeton Glacier slopes gradually, in contrast with the frontal 
precipice and steep slope of Chenega Glacier, and the surface is very little crevassed. 

• Bull. Amer. Geog. Soc, Vel. XT.TTT, 1011, pp. 410, 414-416. 
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As far back as can be seen from Icy Bay the glacier has a moderate slope, suggesting that 
it comes from a considerable distance. It is possible that its snowfields join those of 
Nellie Juan and Ultramarine Glaciers, 10 or 12 miles to the north. 

There are barren areas around the terminus of Princeton Glacier, which seems also to 
have had a more expanded stage over a century ago, and to have then coalesced with 
Chenega Glacier to form the expanded Icy Bay Glacier. 

When mapped by Grant and Higgins in 1908 three quarters of the glacier terminus 
was separated from the water’s edge by a low line of morainic or rock hills, but the west- 
ern margin may have been tidal. Between August 5, 1908, and August 9, 1910, the 
glacier was wholly inactive, continuing to waste so rapidly that the areas covered by 
ablation moraine increased decidedly in amount, the ablation moraine of the eastern side 
practically coalescing with the diagonal medial moraine. By that time, also, there was 
sufficient retreat of the margin so that it nowhere reached the sea, even the western edge 
being separated by narrow gravel and sand strips. It is possible that at high tide the 
water covered this fringe and touched the ice edge in the western part; but there was no 
terminal cliff, and no icebergs were discharged. 

Tiger's Tail Olader and Smaller Ice Tongues. Tiger’s Tail Glacier is a slender ice 
tongue, extending down over the Up of a hanging valley as a cascading glacier, and reach- 
ing the water’s edge, so that a few icebergs are probably discharged. It was first mapped 
by Grant in 1908. 

The small ice tongues to the southwest of Tiger’s Tail Glacier are fed from adjacent 
n6v6 fields. One glacier conspicuous from Nassau Fiord terminates in a hanging valley 
800 to 900 feet above the sea, to which it sends two streams which flow down either side 
of a broad mountain spur. The terminus of this glacier is more or less veneered with 
moraine and in front of it, on the Up of the hanging valley, are good-sized spruces and 
hemlocks and a thick growth of willow and alder, making it extremely improbable that 
this glacier could have participated in the expanded condition of 1794 when Chenega, 
Princeton, and Tiger’s Tail Glaciers filled Nassau Fiord. The other ice tongues farther 
to the southwest terminate high above sea level, several of them in hanging valleys, and 
from all of them streams with waterfalls descend the fiord wall to the northwestern side 
of Icy Bay. 

Tiger Glacier. Tiger Glacier, at the head of Icy Bay, seen by us only from the mouth 
of Nassau Fiord, is shown in the map (Fig. 56), photographs, and brief description by 
Grant and Higgins, to be fed by two good-sized tributaries. It has been mapped for 
only a Uttle over a mile, although the photographs show clearly that it heads some dis- 
tance farther to the southwest. The adjacent snowfields also feed several small glaciers 
to the east of it, which terminate several hundred feet above the fiord and supply 
streams which cascade down the fiord wall. Tiger Glacier, which in the portion 
seen is severely crevassed, terminates with a steep slope, at the end of which is a vertical 
cliff less than half a mile wide, from which icebergs are discharged. Near the northern 
margin bare rock was exposed beneath the terminus of the glacier for over one-third of 
its width in 1908. A photograph by the Perkins party in 1909 shows that Tiger Gla- 
cier had advanced sUghtly, covering a prominent rock which was visible the year before. 
There was no marked continuation of this advance up to August 9, 1910. 

Retreat of the Icy Bay Glaciers. The first historical suggestion of a glacier in Icy Bay 
results from the visit of Portlock to Prince WilUam Sound in 1787. In July of that year 
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Portlock^s whaleboat and yawl cruised in the vicinity of what seems to be Knight Island 
Passage, while looking for the Passage Canal route to Cook Inlet, which they seem to 
have thought to be a river. They state that “On getting over to the South West shore, 
they met with great quantities of drift-ice, coming as they supposed, out of that open- 
ing, and at the same time heard a constant jumbling noise resembling the breaking up of 
ice in a large river.’* The officer in command encountered fog and did not push on or 
see the glacier, whose presence he seems not to have suspected. The map is indefinite, 
but the description of icebergs and noises indicates that a tidal glacier in Icy Bay, ex- 
tended as far or farther down the fiord than seven years later when Vancouver’s expedi- 
tion entered these waters. 

The first description and map of the Icy Bay Glacier was made in 1794 by Vancouver’s 
expedition. Lieutenant Whidbey states that in going up outer Icy Bay from Point 
Countess they passed “many large pieces of floating ice, which were in great abundance 
in this part of the sound.” He describes inner Icy Bay, which they saw on June 4th, as 
“a bay on the western shore about a league wide, and about four and a half miles deep 
terminated by a compact body of ice that descended from high perpendicular cliffs to 
the water side, and surrounded by a country composed of stupendous lofty mountains 
covered with snow.” The map accompanying Vancouver’s account shows the terminus 
of the glacier at a point in Icy Bay somewhere east of the head of Port Bainbridge and 
probably near the entrance of Nassau Fiord. The representations of the shorelines on 
this map (see inset. Pig. 56) axe sufficiently detailed for us to identify the location with 
some certainty. 

On October 80, 1886, Seton Karr visited the native village at Chenega near the mouth 
of Icy Bay, and he has published a sketch of Icy Bay as seen from Chenega Island, show- 
ing a glacier and snowfields in the background. Since Tiger Glacier could not be seen 
from Chenega Island, and since Chenega-Princeton Glacier cannot be seen from that 
point at present and would not be visible unless they were sufficiently expanded to extend 
outside the mouth of Nassau Kord, this picture is interpreted as proof that the Chenega- 
Princeton Glacier remained in the expanded position of 1787-1794 up to at least 1886, 
Seton Karr speaks of Icy Bay near Chenega village as “a broad bay covered with small 
icebergs” and says that “close at hand several glaciers descend into the sea from . ; 

low flat snowfields.” He could not have made the latter statement on the basis of what 
one may now see at Chenega. 

After his visit in May, 1887, Applegate, quoted by Davidson, referred to this ice tongue 
as “a fine glacier, coming down to the water.” He seems to have made no map of Icy 
Bay so that we do not feel sure from his description alone exactly where the glacier ended 
at that time, though, as stated above, Seton Karr’s sketch of the previous year fixes the 
approximate location of the terminus. 

The army expedition of 1898 under Glenn published a map (see inset. Pig. 66), 
showing Icy Bay with a glacier which terminated east of the head of Port Bainbridge 
as in 1794, and with an outline different enough from that sketched by Whidbey to 
suggest that it was located by a new survey, as the roughly-contoured fiord walls also 
suggest. No Icy Bay Glacier is mentioned in Glenn’s accoimt and the map may 
possibly be based on some earlier survey, later than 1794. If made in 1898 it shows 
that the Icy Bay Glacier front remained in essentially the same place from 1794 to 
1898, changing only in shape. The map shows “floating glacier ice” in Kmght Island 
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Passage outside Icy Bay. We feel that Glenn’s map, corroborated by Seton Karr’s 
sketch, strongly suggests a maintenance of the 1794 position for over a century. 

By 1908, as Grant states specifically ^ and as his map shows, there had been a great 
retreat; but he does not discuss the question whether it was a gradual retreat from 1794 
to 1908, or a rapid one during the last few years of this period. He says “ a traverse of 
the shoreline of this bay in 1908 shows it to be about 11 miles in length with a tide- 
water glacier at its head. On the north side of the bay, 6 miles from its head, is a smaller 
bay, nearly two miles in length; and at the head of this bay are two tide-water glaciers. 
The description of Whidbey, who was attached to Vancouver’s exploratory expedition 
of 1794, states that this bay was four and a half miles deep and was terminated by a 
perpendicular cliflF of ice. This would seem to indicate a retreat of ice in the axis of Icy 
Bay of some six and a half miles from 1794 to 1908.” 

Relationships of Forest Orototh. Our study of the vegetation in Icy Bay is interesting 
in connection with the description by Whidbey in 1794 and the position of the glacier 
as indicated on his map. Northeast of Nassau Fiord the forest is everywhere thick and 
mature, containing trees from 24 to 32 inches in diameter. The annual rings in a niun- 
ber of them were counted in 1910 and three trees about 24 inches in diameter were 
found to be 113, 120 and 122 years old. There were trees of about the same diameters, 
and about as thickly set, all along tne coast up to and including the small island north- 
east of the entrance to Nassau Fiord. These are not stunted trees, even those nearest 
the glaciers being well-developed. As Whidbey ’s visit was 116 years before ours of 
1910, the presence of trees 120 to 122 years old proves clearly that the glacier could not 
have extended quite as far to the northeast in 1794 as the site of these trees. 

Along a sharply defined line near the entrance of Nassau Fiord, however, this mature 
forest ends, and the interior shores of Nassau Fiord, the mountain between Princeton and 
Chenega Glaciers, and the shores of Icy Bay from that point southwestward, have only 
scattered trees, none of which seem to be more than a score of years old. On the first 
prominent rock point inside of Nassau Fiord (near Photo. Sta. D, Pig. 56) the higher 
part of the barren zone has scattered willows, alders, and young spruces and hemlocks 
at an elevation of about 200 feet above sea level, the oldest one counted having 22 annual 
rings, though some of the others may have been even older. Nearer sea level the slopes 
are absolutely barren. This suggests that the ice front observed by Whidbey was main- 
tained up to rather recent times, as we interpret Glenn’s map to show also. 

On and near the col between Icy Bay and Port Bainbridge there are scattered conifers 
which from a distance seem to be of good size. We did not ascertain whether these 
extend down to sea level or not, nor how old they are. If it should prove that there are 
mature trees at sea level in this part of Icy Bay, it would suggest either (a) a forest ad- 
vancing over the low col from Port Bainbridge, before the Tiger Glacier portion of the 
dismembered Icy Bay Glacier had retreated to its present position, or (b) that the ex- 
panded ice tongue of 1787-1794 was supplied wholly by the Chenega and Princeton Gla- 
ciers which emerged from Nassau Fiord and filled this part of Icy Bay without being 
joined by Tiger Glacier, the upper part of the inlet being either an arm of the sea or a 
lake. 

This latter interpretation, made in 1910, is at variance with the statement of Grant,® 

‘ Grant, IT. S., Joum. GeoL, Vol. XVII, 1909, pp. 670-671. 

» Op. dt., p. 671. 
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quoted on a previous page and in our earlier publications, that the ice in the axis of Icy 
Bay retreated six or seven miles from 1794 to 1908, for this involves the participation of 
Tiger Glacier in the expansion of 1794. As we revise this text, however, we have the 
later statement, published in 1911 by Grant and Higgins,^ that in 1794 “it is very prob- 
able that the glaciers in Nassau Fiord . . completely filled that fiord and ex- 

tended out into, but not across, the main part of Icy Bay.” If this means that Tiger 
Glacier did not participate in the expansion of the Chenega-Princeton ice tongue it is- 
quite in accord with the distribution of vegetation. 

One of the most interesting features in relation to forest growth in this region is the 
shape of the barren zone on the peninsula east of Nassau Fiord, between that indenta- 
tion and Icy Bay. This shows clearly that while the expanded Chenega and Princeton 
Glaciers filled Nassau Fiord and extended over the narrow northeastern portion of the 
peninsula, the higher southeastern side of the peninsula and the low island there, which 
are thickly forested, were not covered by the glacier. The dashed line (Fig. 56), showing 
the boundary of the barren zone indicates, therefore, that the expanded Chenega-Prince- 
ton Glacier was tidal in Icy Bay in the cove east of this peninsula as well as opposite the 
mouth of Nassau Fiord; but that the two tidal termini did not coalesce and transform the 
higher part of this peninsula into a nunatak, nor override it completely. 

Olcuyial Modifications in Icy Bay, Icy Bay, like the other fiords of Prince WiUiam 
Sound, has been intensely glaciated, giving it very steep walls and large areas of bare, 
striated rock often having the roches moutonn6e form. Hanging valleys are also present,, 
the one containing the small ice tongue south of Tiger’s Tail Glacier forming an especially 
good illustration. 

Icy Bay, even more than the fiords to the north, is remarkable for the absence of glacial 
deposits above sea level, the chief deposits observed by us bemg scattered, glacial bowl- 
ders on the bare rock surfaces and a thin veneer of ground moraine in places. There is a 
narrow strip of outwash gravel which separates Princeton Glacier from the fiord, and 
a very perfect, though minute, terminal moraine ridge, in the second cove east of Nassau 
Fiord on the northern side of Icy Bay (a, Fig. 56). It is made up of stony till and ex- 
tends across the valley, at the head of the cove, as a single, narrow-crested ridge, with a 
height of between 20 and SO feet. It seems to have been built by a projecting lobe from 
the Icy Bay Glacier rather than by a retreating glacier in this small valley. 

Glactehs on the Islands of Prince Willlam Sound 

Knight Island, Knight Island, in western Prince William Sound, east of Icy Bay and 
Port Nellie Juan, is 26 miles long and 7 or 8 miles wide (PL XCIEL). Its coast is deeply 
indented by fiords and its surface is very rugged. The peaks are 2000 to 3180 feet high,, 
and since many of them are snow-capped, it is probable that their n6v6 fields give rise 
to a number of minute glaciers. None of these have been shown on a map, and only one 
of them, a cascading glacier on the southern side of the island near Mummy Bay, was 
seen by the National Geographic Society’s expedition. The large number of cirques 
show clearly that extensive local glaciers have existed in the past. Their relationships to 
the expanded ice sheet of Prince William Sound are discussed in a later chapter. 

Chenega Island, Chenega Island, between Knight Island and Icy Bay, is about 8 

1 Bull. Amer. Geog. Soc., Yol. XLIII, 1911, p. 414. 
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miles long and 3 miles wide, and is much less rugged than Knight Island. All of the 
island is high, the summits rising to elevations of 1800 to 2000 feet, and retaining snow 
as late into the summer as August; but the island is not known to contain any glaciers, 
although we suspected the presence of a small glacier in one of the snow-filled cirques on 
the northwestern side, near Dangerous Passage. There are a few large cirques, and the 
rugged group of summits apparently have been sharpened by local glaciation. 

Latouche Island. Latouche Island, south of Knight Island, with its southern end in 
the Pacific Ocean, is 12 miles long, 2 to Sj miles wide, and has peaks 1730 to 2225 feet 
high, some of which retain snow rather late into the summer, though none of them are 
koown to support glaciers at present. In former times, however, on the northwestern 
side of Latouche Island, there were good-sized local glaciers, which excavated great 
cirques from one to two miles wide, described and mapped by Grant and Higgins.^ The 
junior author spent several hours on Latouche Island in 1904 and again in 1910. So 
much snow remained in the cirques in August and September of each year that it seems 
quite likely that the larger cirques stiU contain small, inactive, ice masses. 

Montague Island. This, the largest island in Prince William Sound, has a total length 
of over 50 miles and a width of from 3 to 10 miles. It extends northeast and southwest 
across the mouth of the sound, nearly parallel to the trend of Latouche and adjacent 
islands, being separated from Latouche and Knight Islands by Montague Strait. The 
island is mountainous throughout, the highest peaks, including Montague Peak near 
the eastern end, lying on the ocean side. The mountains rise to elevations of from 
3500 to 4500 feet, and one of the higher peaks near the middle of the island reaches 
5641 feet. 

The higher summits of Montague Island throughout the whole of its length are snow- 
capped during the entire year, and probably feed a number of moderate-sized glaciers, 
those on the side toward Prince William Sound being the largest. One or two of 
these glaciers, in the region south of Green Island, were seen by us from a distance in 
1910; but since Montague Island is largely unexplored none of these glaciers have as 
yet been shown upon a map. 

Extensive local glacial erosion on Montague Island is indicated by scores of cirques 
in the higher parts of the island and by hanging valleys, visible from Prince WiUiam 
Sound. There are also smaller cirques on the southwestern side of the island, showing 
that local glaciers formerly descended toward the Pacific Ocean. 

Hinchinbrook and Hawkins Islands. Hinchinbrook andr Hawkins Islands, northeast 
of Montague Island, separate the eastern part of Prince William Soimd from the Pacific. 
Hawkms Island is 22 miles long and 3 to 4^ miles wide. Its highest peaks are 1846 to 
2025 feet high and are not known to contain any glaciers, though cirques give evidence 
of former local glaciation. 

Hinchinbrook Island is 22i miles long and 13 miles wide. The northern part of the 
island has a low foreland, south of which are peaks from 1427 to 2910 feet high. Several 
of these peaks retain snow throughout the summer, and there are small ice masses, spoken 
of by Seton Karr ® as “comparatively insignificant glaciers.” None of these ice tongues 
has ever been mapped. 

1 Grant, U. S. and Higgins, D. P., Bull. 443, U. S. GeoL Survey, 1910, p. 19, Pig. 3, on p. 80, and PI. XII, 
in pocket. 

< Seton Karr, H. W., Shores and Alps of Alaska, London, 1887, p. 193. 
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There axe many cirques in the high, northern part of the island, showing that there has 
been extensive local glaciation here. The southern part of the island is plateau-like, 
having no rugged topography but a broad, rolling upland with rounded summits, the 
highest of which are Signal Mountain, 1546 feet high, on the southwestern end near 
Port Etches, some elevations of £260 feet near the middle of the island, and summits 
1709 feet high near the eastern end. This southern half of the island has extensive 
cirques, a number of conspicuous ones cutting into the plateau-like upland, with valleys 
extending northward to Port Etches (PI. CLXXXIII) . 

Glaclerb of Eastern Prince William Sound 

Among the fiords of eastern Prince William Sound, Valdez Arm and Port Valdez in 
the northeastern comer have already been described (Chapter XIII). The fiords south 
of this are Port Fidalgo, Port Gravina, Sheep Bay, Simpson Bay, Orca or Cordova Bay, 
and l)rca Inlet. 

Port Fidcdgo — Topography, Port Fidalgo, which has also been called Fidalgo Bay, is 
the largest of the fiords on the eastern side of Prince William Sound, south of Valdez 
Arm. It is 25 to 38 miles long, as shown by different maps, and 5^ miles wide at the 
mouth decreasing to two miles or less inside the fiord. Its general course from Prince 
William Sound is east-northeast, but near the head it turns at a sharp angle and trends 
southeastward. There are a number of tributary bays, including Snug Comer Cove, 
Two Moon or Bowie Bay, Irish Cove, and Whalen Bay on the southern side, and Fish, 
Landlocked, and Boulder Bays on the north. The latter is also connected with Valdez 
Arm through Tatitlek Narrows, behind BUgh Island, which lies north of the entrance to 
Port Fidalgo. Goose Island lies south of the entrance. 

This fiord extends far back into the Chugach Mountains. Near the entrance the fiord 
walls rise 1600 to 3000 feet close to the water’s edge, back of a narrow fringe of foreland, 
but there axe many peaks rising to greater heights, among them being Copper Mountain, 
8880 feet, and Mt. Denson, 5836 feet. There has been no detailed topographic survey 
in the eastern halt of Port Fidalgo, but the fiord walls there seem to be still steeper 
and there are peaks rising to 3721 feet, 5558 feet, and 5182 feet, while there are many 
higher ones in the Chugach Mountains still farther to the east. 

Contracted Condition of Glaciers, The glaciers of this fiord are very small and long 
ago receded far into the mountains, from which they have not projected far enough to 
be tidal since before 1778. A great many mountains about the eastern end of Port 
Fidalgo are snow-capped throughout the summer, and there are probably many moderate- 
sized glaciers, besides the few small ones visible from the entrance to the fiord. The 
only ones thus far shown upon a map are the glacier on Mt. Denson and a little ice tongue 
terminating half a mile or so northeast of the head of Port Fidalgo. Doubtless the 
unexplored moimtain valleys contain fair-sized glaciers, fed by the extensive snowfields 
of this portion of the Chugach Mountains. 

This fiord was visited by Cook in 1778, Meares in 1786, Dixon in 1787, Fidalgo in 1790, 
and Johnstone in 1794, but none of these explorers mention fioating ice, from which we 
infer that there was no tidal glacier within it in the latter part of the eighteenth century. 
Their descriptions of the snow-capped mountains suggest conditions not unlike those at 
present. 
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PetrofP intimates ^ that some of the early Russian accounts to which he had access, 
suggested a tidal glacier in Port Fidalgo, and in one place he speaks of the tremendous 
glaciers ” in Port Fidalgo. As he seems to have made a mistake with regard to the Valdez 
Glacier being tidal at the same time and Columbia Bay having no tidal glacier, it is 
quite possible that he is in error about the fiord in which these glaciers were located. 

In May, 1898, Port Fidalgo was explored by F. C. Schrader ^ who found no tidewater 
glaciers, but reported that ‘*the shore is mountainous throughout, some of the moun- 
tains rising to a height of 4000 feet, into a region of perpetual snow and glaciers, espe- 
cially on the north and east. Two mountain streams of considerable size, and apparently 
of glacial origin enter the inlet near the head — one from the north and one from the east. 
They have done much toward silting up the inlet, and flow over extensive deltoid deposits 
of gravel and mud flats at their mouths, especially at low tide.” In this year Emil 
Mahlo made a rough contour map of Port Fidalgo, without mapping any of the glaciers. 

The U. S, Coast and Geodetic Survey parties ® in 1901 and 1903 mapped a small ice 
mass on the slopes of Mt. Denson. Grant and Higgins made a geological map of Port 
Fidalgo in 1908,^ showing one small non-tidal ice tongue near the head of the fiord. 
Excepting at Goose Island oiu* own knowledge of Port Fidalgo, as well as the fiords 
of Port Gravina, and Sheep and Simpson Bays at the south, are based entirely upon 
observations from the steamers and from launch trips past the mouths of these indenta- 
tions. 

Oladaiion Above Sea Level. The fiord walls above sea level suggest the same profound 
glacial erosion observed in the parts of Prince William Sound already described. There 
are cirques in the mountains and the fiord walls are rounded and smoothed. Bligh Is- 
land (1634 feet high), north of the entrance of Port Fidalgo, has the rounded form that 
shows it was completely overridden by ice. On the eastern side of Tatitlek Narrows, 
near EUamer, the height of glaciation determined by Grant ® and Capps ® was 2800 to 
3000 feet. Goose Island (320 feet high), south of the entrance of Port Fidalgo, has the 
rounded form resulting from complete overriding by the glacier. The steepened slope of 
Knowles Head, between Ports Fidalgo and Gravina, is interpreted as the resiJt of glacial 
erosion rather than of wave work, which does not at present reach its base, the promi- 
nent yellowish landslide upon its face being an indirect recent result of glacial oversteep- 
ening. 

Submarine Form of Fiord Through Glaciation. Below sea level the soundings also 
indicate extensive glacial erosion. No soundings have been made in the eastern half of 
Port Fidalgo beyond Fish Bay; but from this point westward to Prince William Sound 
the detailed soundings by the Coast Survey ^ show that the outer part of the fiord has a 
depth of 542 to 714 feet, with a slight westward upgrade in the broad outer part where 
glacial erosion was less effective because the fiord walls are farther apart. The cross- 

iPetroff, Ivan, Fopnlafion, Industries and Hesourcea of Alaska, Tenth Census of the United States, 1880, 
Vol. Vm, 1884, p. 

1 Schrader, F. C., A Reconnaissance of a Part of Prince William Sound, and the Copper River District, Alaska, 
in 1898, 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1900, pp, 364 and 380. 

■ U. S. Coast and Geod. Survey, Chart 8619, 1907. 

* Grant, U. S. and Higgins, D. F., Bull. 443, U. S. Geol. Survey, 1910, PI. I, facing p. 10, PI. 11, in pocket. 

■ Op. cit., p. 19. 

• Capps, S. H. and Johnson, B. L., Bull. 642, U. S. Geol. Survey, 1913, p. 89. 

V U. S. Coast and^Geod. Survey, Charts 8619 and 8560. 
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section of the fiord is broadly U-shaped, the sides descending to a depth of 600 feet in 
three-eighths of a mile. For a width of li to miles there is rather flat bottom at a 
depth of about 600 feet. 

Submerged Hanging Valleys. All of the bays tributary to western Port Pidalgo are 
submerged hanging valleys. Fish Bay (PI. CXLVI), which is 90 to 96 feet deep at the 
mouth, hangs at least 500 feet; the bottom of the unnamed cove on the southern side 
of the fiord opposite Fish Bay is hanging a little less; while Landlocked, Boulder and 
Bowie Bays, and Snug Corner Cove hang still less above the bottom of the fiord, as 
would be natural with the greater size of these bays and of the tributary ice tongues 
which formerly occupied them. Port Fidalgo, 714 feet deep at the mouth, is itself a 
submerged hanging valley in relation to Prince William Sound, which in a distance of 

miles reaches a depth of 1350 feet. This fiord, therefore, hangs over 600 feet above 
Prince William Sound, where the larger glacier presumably eroded more effectively than 
the Port Pidalgo Glacier. The channel between Goose Island and Porcupine Point at 
the southern entrance to Port Fidalgo, which has an average depth of less than 50 feet, 
and a maximum depth of 150 feet, shows a similar hanging relationship at both the 
northern and southern ends. 

Tatitlek Narrows, with depths of 66 feet or less, hangs 90 feet or more above Boulder 
Bay, which itself hangs twice that amount above Port Fidalgo. Tatitlek Narrows also 
hangs above Valdez Arm (Fig. 28) at the northern end. Grant and Higgins state '■ 
that this strait lies in a belt of weak black slates and has an island of resistant diabase. 
These narrows constitute a submerged hanging valley of the third order, being discordant 
in relation to Boulder Bay which hangs above Port Fidalgo which, in turn, hangs above 
Prince William Sound. 

Glacial Deposits, The deposits in the explored portion of this fiord are shown by the 
Coast Survey chart to be almost uniformly soft or sticky blue mud or fine sand. We 
have little information about the glacial deposits above sea level along the sides of Port 
Fidalgo and the tributary valleys. There are small terraces of outwash gravel near the 
entrance of the fiord. Bligh Island has gravel deposits containing exotic materials,” 
as Schrader and Spencer noted in 1900,® and there is also till with foreign materials on 
Goose Island, as we observed in 1910. 

Port Gravina, Port Gravina, southeast of Port Fidalgo, is of smaller size, having a 
length varying from IS to 16 miles, as shown on different maps. It flares open rather 
widely at the mouth, where it is half as wide again as Port Fidalgo. This fiord extends 
back into the Chugach Mountains, with peaks on either side rising to about the same 
heights as those around Port Fidalgo and with steep walls, those on the southern side 
rising to 2162 feet within half a mile of the shore. 

Most if not all of the glaciers about the head of Port Gravina are small and only a few 
of them have even been indicated upon maps, two small ones, sketched from a distance, 
being shown on the Grant and Higgins map. None of them has been studied by any 
persons exploring Prince William Sound, and we observed them only from a distance 
near the mouth of the fiord. Glacial erosion and glacial deposits have not been investi- 
gated as yet, and there' are no soundings at Port Gravina, so that we lack all specific 

I Op. dt., p. 50. 

« Schrader, F. C. and Spencer, A. C., Geology and Mineral Resources of a Portion of the Copper River Dis- 
trict, Alaska, House Doc. 546, 56th Congress, 2nd Session, Washington, 1001, p, 81. 
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information about conditions Here except in connection with certain gravel deposits 
near the entrance. 

Orca Bay and Orca Inlet — Topography. These two inlets border Hawkins Island on 
the northern and southern sides, Orca Bay, which has also been called Cordova Bay, 
being tributary to Prince William Sound just south of Port Gravina, while Orca Inlet 
opens into the Pacific Ocean south of Hawkins and east of Hinchinbrook Island. The 
two inlets unite east of Salmo Point on the eastern end of Hawkins Island, forming a 
fiord 6^ miles in length with a width of a little less than 1 J miles, at the upper end. 

Orca Bay extends westward from Salmo Point for at least 18 miles, increasing greatly 
in width, so that between Gravina Point and Hawkins Island Cutoff it has a breath of 
7^ miles. Simpson and Sheep Bays are its tributaries on the northern side, and on the 
southern side are Wmdy Bay, Cedar Bay, and numerous other small indentations, such 
as Hawkins Island Cutoff and Canoe Passage, which connect this part of Prince William 
Sound with Orca Inlet and the Pacific Ocean. 

Orca Inlet extends southwestward for about 16 miles, not including the portion east 
of Salmo Point nor that leading to Hawkins Island Cutoff, increasing in width to S miles. 
Odiak Slough enters Orca Inlet at the town of Cordova. A great contrast between Orca 
Inlet and Orca Bay is that the southwestern two-thirds of the former is so shallow that 
it is navigable only by small boats, while the latter is a deep fiord, traversed by ships on 
their way to Cordova. 

The shores of both Orca Inlet and Orca Bay are high and steep, as in the case of the 
other fiords of western Prince William Sound, though in each case the outer, western 
portions are much lower than the inner portions. The eastern half of each of these inlets 
has walls rising to elevations of 2000 to 3000 feet or more. 

Size of Glaciers. The largest glaciers at present known to be tributary to any of the 
fiords of eastern Prince William Sound, excepting Port Valdez, descend from the snow- 
capped mountains east of the end of Orca Inlet. The greater size of these ice tongues 
is perhaps due to the fact that this part of the Chugach Mountains is higher than that 
near the heads of Ports Fidalgo and Gravina, or perhaps to the heavier precipitation 
upon this portion of the mountains nearest the ocean. The largest of these glaciers, 
none <Jf which reach tidewater, is Shephard Glacier. 

Shephard and Adjacent Glaciers. Shephard Glacier which has not been visited or stud- 
ied by any geologist, though roughly mapped from a distance by Grant and Higgins, ^ (PI. 
XCni) comes from snowfields a considerable distance back in the mountains. It flows 
southwestward from the portion of the Chugach Mountains east of the head of Orca Inlet, 
and has an unusually irregular shape. The upper part has a wddth of about li miles, 
and sends two distributary ice tongues northward about a mile into the valley which 
continues northeastward from the head of Orca Inlet. Below these distributaries the 
main glacier continues southwestward, for about 8j miles, with an average width of J 
of a mile, the terminus being miles east of the head of Orca Inlet. Prom this terminus 
of Shephard Glacier a stream flows to Eyak Lake, through a valley which parallels Orca 
Inlet. Another glacial distributary east of the main ice tongue flows southward for about 
li miles and gives rise to Ibeck Creek which joins the stream of Scott Glacier which flows 
into the Pacific Ocean east of the valley of Eyak Lake. Shephard Glacier, therefore, has 
(a) one small distributary whose glacial stream flows directly into the Pacific Ocean; 

* Bull. 44S, U. S. Geol. Survey, 1910, Pis. I and 11; Ibid., Bull. 879, 1909, PI. IV, facing p. 88. 
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(b) a main ice tongue whose stream flows into Eyak Lake, which drains by Mountain 
Slough over the Copper River delta to lie Pacific Ocean; and (c) two smaller distribu- 
taries, which send streams directly to the head of Orca Inlet. 

Since we have not visited Shephard Glacier we lack further information about it. 
There are two unnamed ice tongues to the north, each of which is over half a mile in width. 
Their streams join the one from Shephard Glacier which flows to the head of Orca Inlet. 

Glaciers of Shee'p and Simpson Bays. The mountains at the head of Sheep and Simp- 
son Bays rise precipitously to a considerable height and have small glaciers, none of which 
have been mapped or observed from nearer than the entrance to these bays. The fiord 
walls are very steep, the northwestern side of Sheep Bay rising to an elevation of 25^0 
feet within a mile of sea level. There are many large cirques in these mountains, due to 
extensive former local glaciation. Within Sheep Bay the depth of water varies from 144 
to 300 feet with a shallower inner portion studded with islands, suggesting that there has 
never been a very great glacier extending from the head of this inlet. The upper part of 
Simpson Bay is also irregular, with large penmsulas. 

Glacial Erosion in Orca Bay and Orca Inlet. These arms of the sea are typical fiords 
and have the usual characteristics of marked modification by glacial erosion. The higher 
mountains at the head of Orca Inlet and Simpson and Sheep Bays, have large areas of 
rounded, bare rock and many cirques and hanging valleys. Some of the lower slopes 
of the fiord walls are much oversteepened by glacial erosion, the southeastern side of 
Orca Inlet, between Orca cannery and Cordova, for instance, rising to 1600 feet within 
a half mile of sea level, but only 898 feet in the next half mile. All of the fiord walls do 
not rise so steeply, however, and parts of outer Orca Bay have rather low, sloping shores. 
In Orca Inlet the smoothing by Lie former !ce tongue extends up to 2300 feet, and north 
of Orca Bay to 2500 feet, as estimated by Grant and Higgins.^ In the town of Cordova 
observations ot the direction of striae, by the junior author in 1910, make it clear that the 
ice of one of the expanded lobes of Shephard Glacier advanced down the valley of Eyak 
Lake, and spilled over into Orca Inlet, This resulted in notable shortening of the spur 
upon which Cordova is built. 

Glacial erosion below sea level is shown very well by the detailed soundings on the 
Coast Survey charts.^ Orca Bay has a depth of 198 feet at Salmo Point, and deepens 
rapidly to 744 feet opposite Simpson Bay, 7i miles from Salmo Point; but this is an ex- 
ceptional depth, for in the next 11 miles, westward to the mouth, the depth is only 400 
to 500 feet. The portion opposite the mouth of Simpson Bay may be a basin due to 
glacial scooping. Near its outer edge there are rock reefs including Hanks Island, Gath- 
erer Rock, and a series of shoals which extend nearly halfway across Orca Bay. Sheep 
Bay, which is as wide at the mouth as Orca Bay at this point, does not appear to have 
a hanging relationship to Orca Bay. Simpson Bay occupies a submerged hanging valley, 
being 120 to 336 feet deep at the entrance, while just outside the lip of the hanging valley, 
the depth is 516 feet, a discordance of at least 180 feet. Windy Bay, on the southern 
side of Orca Bay, is a submerged hanging valley, having a depth of 114 to 174 feet at the 
entrance and hanging, 54 6 feet above the bed of Orca Bay, which is here 720 feet deep. 
Both Canoe Passage and Hawkins Island Cutoff are apparently hanging valleys, but 
there is an unknown thickness of deposit in each. 

1 Grant, U. S. and Higgins, D. F., Bull. 449, U. S. Geol. Survey 1910, p. 19. 

> U. S. Coast and Geod. Survey, Charts 8520 and 8550. 
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The amouiit of glacial erosion below sea level in most of Orca Inlet is entirely concealed 
by deposits. The part of Orca Inlet from Cordova to the head has depths of from 90 
to 228 feet east of Salmo Point, but is much shallower from that point to Cordova, with 
depths of from 6 to SO or 40 feet and with many shoals and a few navigable channels in 
which the maximum depth of water is 90 feet. Southwestward from Cordova the depth 
is generally 12 feet or less, excepting for one or two small discontinuous channels. Thus 
it is evident that Orca Inlet diflFers from all the other fiords in Prince William Sound, 
and indeed from most Alaskan fiords, in being shallow. It is a fiord nevertheless but 
one very much modified by deposition. 

Glacial Deposits on the Land. Glacial deposits around Orca Bay and Orca Inlet are 
inconspicuous, being thin or absent because of the steepness of the fiord walls. Uncon- 
solidated till with striated, angular bowlders may be seen in a number of cliffs along the 
coast, near Cordova, and in the town. There are also small patches of outwash gravel 
including several near the town of Cordova. The largest area where these are developed^ 
so far as we know, is a large valley train, described to us by prospectors as occupying 
the valley which leads northeastward, from the head of Orca Inlet to the northern margin 
of Shephard Glacier and the adjacent ice tongues. There are small terraces of outwash 
gravel on the mainland north of Orca Bay, and on the northern side of Hawkins Island 
at the narrowest portion of the Salmo Point peninsula. 

Submerged Olaoial Deposits. In these fiords the glacial deposits below sea level are 
the most extensive and we shall describe in order (1) the bottom deposits of Orca Bay,, 
which do not seem to form submerged moraines but mantle the bottom of the fiord, (2) 
the deposits which have filled up the larger part of Orca Inlet, and (3) the Middle Ground 
Shoal of Orca Bay, which is a tidal delta built by glacial marine deposits from Orca 
Inlet. 

In the fiords of the northern and western sides of Prince William Sound, the deposits 
below sea level are imperfectly described, because, in connection with the soundings 
which we made, no samples of bottom material were collected. Accordingly, we have 
thus far discussed only glacial deposits on the sea bottom where they stood up as moraines. 
In Orca Bay and Orca Inlet the detailed Coast Survey charts furnish some indication 
of bottom material as well as depths. We can, therefore, describe, in a general way, the 
bottom deposits in Orca Bay, which seem to have been made by a greater glacier filling 
the whole fiord and which probably retreated eastward into the mountains northeast 
of Orca Inlet and the mountains northeast of the heads of Sheep and Simpson Bays. 
These deposits are all to be classed as glacial, for no sediment-laden streams of any size 
now enter Orca Bay, and the former rivers, whose deposits partly mantle the material 
dropped by the retreating glaciers and by floating icebergs, were all glacial streams. 

In the eastern part of Orca Bay, from Bomb Point, to the Salmo Point Narrows the 
chart indicates rocky bottom and sapd, a condition not found elsewhere in the fiord 
excepting close to the shore. This suggests a bottom veneer of morainic deposits . There 
are small patches of mud in mid-fiord. 

From this point westward the fiord has a bottom of sticky or soft mud, evidently 
brought in by tidal currents, with hard material only rarely, and with rocky bottom only 
near shore. 

The shallow western two-thirds of Orca Inlet has been so modified by filling that 
most of it is unnavigable, the filling having been largely done by tidal currents, which are 
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still engaged in the same work. These deposits may be spoken of as glacial deposits 
because they were formerly and are still being supplied almost entirely by streams from 
melting glaciers farther east, notably the Scott, Sheridan, and Martin River Glaciers, 
and smaller ice tongues along the mountain front, and the Miles, Childs, Goodwin, Allen, 
Heney, and other glaciers of the Copper River valley. The Copper River, a great over- 
burdened glacial stream, has built an enormous delta, coalescing with the deltas of Eyak 
and Martin Rivers. Much of the finer material is carried out beyond this delta and is 
drifted westward along shore and, since Orca Inlet is the first great opening in the coast, 
a large amount of the sediment has been driven into it, so nearly filling it that only nar- 
row, shallow channels are occupied by water at low tide. 

The third deposit of glacial origin below sea level, is Middle Ground Shoal, a triangular 
area projecting into Orca Bay from Hawkins Island Cutoff, and interpreted as a tidal 
delta. It is composed of fine sand and clay similar to that filling Orca Inlet and derived 
from the same source. This sediment is part of the material that was drifted into Orca 
Inlet in suspension, and swept through Hawkins Island Cutoff, coming to rest where the 
tidal currents are checked in the broad outer portion of Orca Bay. 

This deltoid shoal, 5 miles wide near the land, extends northward Sj miles into Orca 
Bay. It is covered at mean low tide by water only to 15 feet deep, and has nar- 
row distributary channels 21 to SO feet in depth. At the front and edges of this tidal 
delta the depth increases rapidly, reaching 156 feet in a little over a quarter of a mile 
and 300 or 400 feet a little further out. The triangular deposit has, therefore, been built 
in deep water and is still being extended. Its margins slope to 10®. The channel 
in Hawkins Island Cutoff and the distributary channels on the tidal delta are kept open 
by the tide, which moves both ways through the strait. 
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GLACIERS NEAR THE COPPER RIVER DELTA 
General Relationships 

The glaciers described in this chapter include: — (1) the Scott, Sheridan, and Sherman 
Glaciers, between the town of Cordova and the Copper River; (2) the Goodwin, Fickett, 
Saddlebag, and McPherson Glaciers, a group of ice tongues on each side of Copper River 
between its delta and the Childs and Miles Glaciers; and (S) Johnson and Martin River 
Glaciers, east of the Copper River delta at the base of the Chugach Mountains. Some of 
these glaciers drain into the Copper River but the streams from three of the largest ice 
tongues pursue independent courses to the sea, forming outwash gravel plains and deltas, 
which coalesce with the great delta of the Copper River. 

Glaciers West op Copper River 

Scott Glacier — General Description, There are several small glaciers in cirques along 
the mountain front, but Scott Glacier is the first large ice tongue seen from the Copper 
River and Northwestern Railway between Cordova and the Copper River. It occupies 
a valley immediately east of the mountain ridge in which Eyak Lake lies and has a known 
length of nearly six nules and a width of about a mile near the terminus where there is a 
lake half a mile long. 

The sxnface of Scott Glacier does not seem from a distance to be much crevassed and 
there are several medial moraines. We lack further information about it, however, 
not having seen it from nearer than the railway, a distance of 7 miles. No one interested 
in glaciers seems to have visited or described it and the only general representations of 
it upon maps were made by Allen ^ in 1885, Abercrombie * in 1898, and Grant and Hig- 
gins * in 1908. 

Outwash Plain, Between the glacier and the railway is an extensive outwash gravel 
plain, parts of which are still being built up by Eyak River and by the heavily-laden 
stream from Scott Glacier, which is reinforced by a stream from one of the eastern lobes 
of Shephard Glacier. Where these streams are actively building, the plain is barren, 
but the portions of it over which streams have not recently worked are heavily forested, 
and some parts between the railway and the ocean are extensive grassy marshes. 

Sheridan Glacier — Previous Descriptions, Sheridan Glacier is a conspicuous ice tongue, 

1 Allen, Henry T., Report of a Military Reconnoissance in Alaska, Narratives of Explorations in Alaska, 
Senate Rept. 102S, 56th Congress, 1st Session, Washington, 1900, map facing p. 4iS4. 

> Abercrombie, W. R., War Dept., Adj.-Gen. Office, No. XXV, 1899, map in pocket. Abercrombie donbtr 
less made maps in 1884 of this and some of the other glaciers described in this chapter, but they were not 
published in his report and are not now on ffie at the War Department. 

• Grant, U. S. and Higgins, D. F., Bull. 879, U. S. Geol. Survey, 1909, PI. IV, fadng p. 88; Ibid,, Bull. 448, 
1910, Pis. I and 11. < 
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about 15 miles east of Cordova (PI. XCm), tenmnating a little over 2 miles north of 
the railway. It has been briefly mentioned and sketched upon maps by Abercrombie ^ in 
1884 and 1898, Seton Karr® in 1886, and Witherspoon® in 1900 and 1911. Our own 
observations are based upon two days work in 1910 by the junior author and general 
views from the railway in 1909 and 1911. 

V alley Portion, The glacier has a weU-defined valley portion, rising in snowfields 5000 
or 6000 feet above sea level and supplied by at least two main tributaries. Four or five 
cascading ice tongues reach the glacier, and there are two or three hanging glaciers which 
no longer supply ice to it. The valley tongue of Sheridan Glacier is about a mile wide 
and at least 5§ miles long. It is clean and little crevassed and has one weak medial 
moraine near the eastern margin. 

Bulb-Shaped Terminus. Beyond the moimtain face the glacier expands into a bulb- 
shaped terminus, sloping in all directions from the mouth of the valley. This bulb, is 
over 4 miles long and 3 miles wide, terminating about 150 feet above sea level. Most of 
its surface is without moraine and it was little crevassed in 1910. The terminus, however, 
bears a narrow band of ablation moraine, broadest near the western edge. Close to the 
front of Sheridan Glacier bulb is a low, narrow terminal moraine, covered with a thick 
growth of alder, cottonwood and some conifers. 

Seton Karris drawing and description of the glacier in 1886 ^ makes it clear that the 
expansion of the bulb took place more than 25 years ago and that there has been little 
recession since that time. The presence of thick mature forest up to the very edge of 
the bulb indicates that the glacier has not been more extensive for a score of years, per- 
haps for a century. A comparison of photographs shows that there was no significant 
change between 1908 and 1910, with the exception of a slight thinning by ablation; and 
there was no visible change from 1910 to 1911. At the very front of the glacier, and east 
of the middle, is a great rock knob to the summit of which the ice rises, but without pass- 
ing over it or covering the southern side. This knob gives a convenient basis for deter- 
mining future oscillations of the front of Sheridan Glacier in the way of moderate advance 
or of a continuation of the very slight recession which has characterized the recent history 
of the glacier. 

Ovtwash Plain. Between the glacier and the sea lies an extensive outwash plain. 
The stream from the eastern edge of Sheridan Glacier, probably also carrying the drain- 
age from Sherman Glacier, is building an extensive alluvial fan which is separated from 
the main outwash gravel plain by a line of forest-covered hills near Mile 17, several hun- 
dred feet high. A number of other knobs and spurs rise like islands through the out- 
wash gravels. East of this alluvial fan, the railway crosses several low ridges, some of 
till, some of rounded gravels, and a few of rock, and all densely forested. It is clear that 
these unconsolidated ridges represent remnants of a terminal moraine of an eastward 

» Abercrombie, W. B., Report of a Supplementary Expedition into the Copper River Valley, Alaska. Narra- 
tives of Explorations in Alaska, Senate Rept. 1023, 56th Congress, 1st Session, Washington, 1900, p. 884; ihid., 
War Dept., Adi.-Geii. Office, No. XXV, 1899, map in pocket. 

■ Seton Karr, H. W., Shores and Alps of Alaska, London, 1887, pp. 109-171. 

« Witherspoon, D. C., PI. 11 in House Doc. 646, 66th Congress, 2nd Session, 1901; also in Bull. 374, U.^. GeoU 
Survey, 1909, PI. I; for detailed map made in 1911, see Brooks, A, H. and others, Railway Routes in Alaska, 
House Doc. 1346, Part 2, 62nd Congress, Srd Session, Washington, 1913, Plate 5. 

« Op. cdL, p. 171. 
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expansion of Sheridan Glacier, rather than a westward expansion of the former Copper 
River Glacier. 

A considerable portion of the main outwash gravel plain, north of the railway, and of 
the alluvial fan to the east of it, is forested; but where the present streams flow there are 
barren areas and extensive groves of dead trees, the lower portions of their trunks being 
deeply buried in gravel. The killing of mature spruces by alluviation was still in progress 
in 1910. South of the railway much of the outwash gravel plain is covered with swamp 
grass because it is too wet for tree growth, while still nearer the Pacific there are broad 
areas of salt marsh and mud flat. 

Sherman Glacier — General Description, Sherman Glacier,^ occupying the valley east 
of Sheridan Glacier (PI. XCIII), has its main source 3200 feet above sea level in the 
mountains immediately west of the Copper River. It flows southwestward with a 
length of over miles, and a width of 1 J miles, terminating entirely within its moun- 
tain valley. 

Relation to Sheridan Glacier, Sheridan Glacier bulb completely overlaps the mouth 
of this valley, but Sherman Glacier supplies none of the ice of the present bulb. The 
early maps all show Sheridan and Sherman Glaciers uniting and forming a piedmont ice 
mass; but this was discovered to be an error by the junior author in 1910 and is correctly 
represented on Witherspoon’s revised map of 1911. A view from the fan of outwash 
gravels makes it clear that Sherman Glacier is not a tributary, but an independent 
glacier, though the two may be in actual contact in a short portion of the area not visible 
from our point of observation. A rock hill rises through the Sheridan ice in one portion 
of the margin. The two glaciers may have fed one piedmont area at a more expanded 
stage of glaciation, but it is thought possible that both ice tongues had receded into their 
mountain valleys before the Sheridan readvanced and formed the present ice bulb. 

Tribviaries, In addition to the ice supply from the 3200 foot divide, Sherman Glacier 
is fed by three or more steeply cascading tributaries, descending the slopes of Mt. Murchi- 
son 2 from the north. Near the terminus there are two prominent hangiag valleys out 
of the mouths of which cascading glaciers extend, though they do not now reach down 
to the surface of the main glacier. There are several weak medial moraines, but the sur- 
face of the glacier is very clean and little crevassed. Sherman Glacier though wider than 
Sheridan Glacier in its mountain valley, and with more medial moraines, and presumably 
more tributaries, is apparently at present the weaker of the two; for, as indicated above, 
it seems not to have participated in the advance which carried the bulb of the Sheridan 
out past the Sherman terminus. 

Through Glacier, Rising on a broad snow divide, from which a smaller ice tongue 
extends eastward to the Copper River valley, Sherman Glacier is an excellent illustration 
of the type of through glacier, for which Hobbs ® has proposed another name, which to 
us seems much less suggestive, figuring this glacier as an example. The map upon which 
he based his figure ^ is an older one upon which the topographer transferred the name of 
Sheridan Glacier to Snerman Glacier, though Abercrombie, who named the former, 
applied it to the westernmost of these two ice tongues. 

1 Named in 1910 for General W. T. Sherman. 

* Named in 1910 for S. Murchison, one of the engineers who was prominent in the building of the Copper 
River and Northwestern Railway. 

> Hobbs, W. H., Characteiistics of Existing Glaciers, New York, 1911, pp. 44 - 15 . 

‘ Op. dt.. Fig. 16, p. 45. 
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Fichett Glacier.^ From the 3200 foot divide of tlie through glacier of which Sherman 
Glacier is the western end, an ice tongue descends eastward toward the Copper River 
valley. This is Fickett Glacier,® an ice tongue nearly 4 miles long and from half a mile 
to a mile wide. It descends over 2500 feet from snowfield to terminus and has one steeply- 
cascading tributary from a cirque on the southern side. It is just barely visible from the 
Copper River railway and we have not approached it closely. 

Saddlebag Glacier, Saddlebag Glacier is a smaller, double-ended through glacier, south 
of Fickett Glacier. Its two members rise on a 8000 foot divide, the shorter, eastern 
portion having a length of miles and terminating in the Copper River valley about 
900 feet above sea level, while the larger, southern portion is 3^ miles long and descends 
to within 200 feet of the level of the sea. This southern portion of the glacier, which 
occupies the deep valley on the seaward face of the Chugach Moimtains, between Mc- 
Elinley Lake and Copper River, is a third of a mile mde and is fed not only by the ice 
tongue from the through divide, but by a tributaiy from a cirque on the west. A photo- 
graph by H. P. Ritter of the U. S. Coast and Geodetic Survey shows that in 1899 it was 
clean and little crevassed, and had a narrow barren zone in front, and a valley train of 
outwash gravels, extending southward to Copper River. Its valley walls, seen just 
before crossing the Copper River on the first steel bridge, have been rendered very pre- 
cipitous by glacial erosion. There are also small glaciers north of McKinley Lake.* 

Goodwin Glacier, Goodwin Glacier, which is immediately south of Childs Glacier, 
has a known length of nearly 7 miles and a width in the mountain valley of three-fourths 
of a mile. On emerging into Copper River valley it expands into a piedmont bulb between 
two and three miles in width. It rises in cirques and snowfields 5000 to 6000 feet above 
sea level on the slopes of Mt. Murchison, and slopes gradually, at an angle of 7® in the 
lower portion, but with no visible hanging valley relationships. The number of tribu- 
taries is not known, but there are two conspicuous ones from the south, which, however, 
give rise to no medial moraines. The terminus, rising about 400 feet above the river, 
does not form an ice cliff in Copper River as the Childs Glacier does, but the ice extends 
almost to the water’s edge being separated only by a crescentic area of terminal moraine 
and outwash, most of which is thickly covered with alders and with scattered cottonwoods. 
Inside this forest belt is a barren zone of moraine-covered ice, also crescentic in form, 
and extending up to the clear ice of the valley glacier, where in 1910 there were a few 
reddish, moraine-covered ice cones and some grayish ablation moraine. 

Goodwin Glacier is a conspicuous object from portions of the Copper River and North- 
western Railway. It was named by Abercrombie,^ who in 1884 camped upon a barren 
part of the outwash deposit, and is shown, in a general way, on his 1898 map. This map 
and the allusion by Seton Karr* to Goodwin and Childs Glaciers as ice tongues which 
spread out in 1886 “with beautiful fan-like shape to the river level,” make it clear that 
the advance and expansion of the Goodwin bulb took place over 25 years ago. The 

* Named in 1910 for Fred W. Fickett, the soldier who acconipanied Lieutenant Allen up the Copper River 
in 1885. 

* Not Gk>odwin Glacier as an early map suggested. 

■ See map by D. C. Witherspoon, Bull. 542, U. S. Geol. Survey, lOlS, PL HI, facing p. 78. 

* Abercrombie, W. E., Supplementary Expedition into the Copper River Valley, Alaska, Nairativea of Ex- 
plorations in Alaska, Senate Rept. 1028, 56th Congress, 1st Session, Washington, 1900, p. 887. 

» Seton Rarr, H. W., Shores and Alps of Alaska, London, 1887, p. 170. 
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forest at the very edge of the glacier proves that tbe glacier has not been notably larger 
for a much greater period. 

McPherson Glacier. McPherson Glacier ^ is a moderate-sized ice tongue on the east- 
ern side of Copper River south of Miles Glacier, The main ice tongue has a length of 
over 4 miles, and a width at the terminus of about a quarter of a mile. It is fed by two 
tributaries from the southeast, each about 3 miles in length, the northernmost heading 
on a 6(200 foot divide from which a tributary also flows northward to the Miles Glacier. 
This ice tongue is not known to have oscUlated significantly in recent years. It was 
retreating when visited by the junior author in 1910, 

' In its lower portion McPherson Glacier emerges from a hanging valley, and the ter- 
minus of the glacier cascades 800 to 1000 feet over the lip of this hanging valley, ending 
at the base of a steep rock slope at an elevation of 310 feet above sea level. It is a 
conspicuous object from the railway, because of the clean, crevassed condition of this 
terminal cascade. That the cascading portion of the glacier is thin, is proved by the 
emergence of a rock ledge about half way up the slope; and it is as little crevassed as a 
glacier could be on so steep a slope. This terminal ice cascade occupies only the southern 
half of the lip of the hanging valley, and that it has recently diminished several hundred 
feet is proved by a barren zone on the northern side. For many years the ice has not 
covered the remainder of the northern half of the valley lip, for there are dense thickets 
of willow and alder and scattered spruce trees upon it. There is no further evidence as 
to recent changes in this glacier. 

At a distance of about 100 yards in front of McPherson Glacier, striated, roimded rock 
ledges constrict the valley, and a short distance farther west another rock ledge from the 
north projects part way across the valley. On approaching McPherson Glacier from the 
railway, these ledges give one the impression that they are large terminal moraines, 
but although morainic material has accumulated on them, there are no independent 
moraines here, though there is a low terminal moraine hearer the glacier. 

Sheep Creek, the stream from McPherson Glacier, has built an extensive outwash 
gravel plain, above the level of which are^forested terraces of older outwash. The plain 
broadens westward and coalesces with the great outwash gravel plain of the Copper 
River. 


Glaciers East of Copper River Delta 

Johnson Glacier. Johnson Glacier® (PI. XCIII), south of McPherson Glacier, is fed 
by four long narrow tributaries, the main ice stream having a length of 5i miles, and 
a width of about half a mile near the terminus which is less than 200 feet above sea 
level. It is over 8 miles from the end of the main glacier to the head of the longest of 
the tributaries. All these tributaries rise in snowfields 4000 to 5000 feet above sea 
level, the longest one on the north heading on a divide which also sends a tributary 
northward to Miles Glacier. Each of the tributaries cascades steeply down the moun- 
tain slopes. 

1 Named in 1910 for J. L. McPherson of Seattle who made a raflway survey up the Copper River valley during 
the winter of 1906. 

« Named in 1910 for Albert 0. Johnson, one of the bridge engineers of the Copper River and Northwestern 
Railway, who made many instrumental observations upon the glaciers and glacial streams between 1908 and 
1910. 
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This glacier was mapped by Witherspoon in 1900,^ and is shown with different form in 
the revised map published in 1909.* It has been seen by the National Geographic Soci- 
ety’s expedition only from a distance, and its chief importance in our studies comes in 
connection with its contribution of outwash to the large vaUey trains of the Copper and 
Martin Rivers. 

Martin River Olader. Martin River Glacier terminates about ^0 miles east of Copper 
River, and is separated from the sea by the foothill region of the Controller Bay coal 
field. It is 3 to 5 miles wdde, over 25 miles long, and terminates less than 350 feet above 
sea level. It is larger than Miles Glacier, much larger than Sheridan Glacier, and is the 
most extensive valley glacier in the Copper River portion of the Chugach Mountains.* 
The covering of ablation moraine on the terminus renders the glacier relatively incon- 
spicuous from the Copper River railway, and it would not be noted here were it not for 
the extensive outwash gravel plain built up by its glacial streams. These coalesce with 
the Copper River delta on the west, so that Copper River has been pushed to the ex- 
treme western edge of its vall^. 

Giaciation Neab Copper River Delta 

The varied and interesting features produced by glacial erosion and glacial deposition 
near the ice tongues described in this chapter are so involved with the other glaciers to be 
described and with general conditions of glaciation of the Copper River valley, that their 
treatment is postponed to Chapter XXIII. 

1 Plate n. House Document 546, 56lh Congress, 2nd Session, The Geology and Mineral Resources of a 
Portion of the Copper River District, Alaaka» by P. C. Schrader and A. C. Spencer, Washington, 1901. See 
another arrangement of ^aciers here, in the map published as P1.'*X]I, Bull. 284, U. S. Geol. Survey, 1906. 

> PI. I, Bull. 874, U. S. Geol. Survey, 1909; also Chitina Quadrangle. 

• This glacier has been described by G-C. Martin. See Bull. 836, U. S. Geol. Survey, 1908, pp. 16, 48-52, 
56, 64-65 and Plates I, H and HI. The junior author of this book visited portions of the glacier m 1904. 
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CHILDS GLACIER 

General Descn'ption, Childs Glacier (Map 9), entering Copper River valley from the 
"W^est, just north of Goodwin Glacier, at the head of the Copper River delta, ends in 
the river in a vertical ice cliflF from 200 to 300 feet high. This ice cliflP is all that one sees 
of the glacier from the railway bridge or from the river bank near Miles Glacier railway 
station. The ice cliff is so imposing that it has led some visitors to believe that Childs 
is larger than Miles Glacier, which is farther away, when as a matter of fact Childs 
Glacier is less than half as large. 

The ice tongue is about ten or twelve miles long, rising in cirques and on snowy divides 
six or eight thousand feet above sea level (PI. CXLVII), and is fed by at least five tribu- 
taries. The width of the valley glacier (Kg. 58) varies from a little over one to a little 
less than two miles, the narrowest part being near the mouth of the ^mountain valley. 
East of this constriction (Fig. 57) the glacier expands into a small imperfect bulb in the 
Copper River valley, increasing in width from a mile and an eighth to over three miles 
in a distance of less than two miles. The low, sloping northern and southern margins 
of the glacier end on the land, being faced on each side by an alluvial fan; but in the 
middle the glacier terminates in Copper River, whose depth in front of the ice cliff is 
from 10 to 20 feet, and whose undercutting action has produced precipitous ice cliffs 
ioT a distance of over two and a half miles. 

The glacier surface is, in the main, clean and white, excepting along the terminal 
margins, and along the narrow lateral moraines extending up the glacier from these. 
There are four or five weak medial moraines, coming from the junction of tributaries 
in the mountains and curving irregularly with the flow of the ice in the expanded bulb. 
These medial moraines are not conspicuous features on the terminal (Jiff . 

From its terminus to the snowfields, the glacier is severely crevassed, excepting in 
the northern and southern margins of the bulb where, up to 1909, the crevassing was so 
slight that the ablation moraine completely mantled the ice and even supported a few 
shrubs and annual plants. From the mouth of the mountain valley to the margin of 
the bulb, the slope of the lower portion of the glacier is 382 feet to the mile, an elevation 
of 1500 feet above sea level being reached less than three miles from the river. Above 
this the slope may be steeper, though the glacier maintains a moderately low grade as 
far as seen. There are, however, a number of cascading tributaries. 

If Childs Glacier valley hangs in relation to the main Copper River valley it is com- 
pletely masked by the glacial deposits. The walls of the glacier valley (Kg. 57) rise 
steeply to elevations of from three to six thousand feet in a short distance, as is well 
shown north of the terminus, where a spur on the slopes of Mt. O’Neel^ (PI. CLIII) 

1 A 6400 foot peak named in 1910 for Mr. A. C, O’Neel, cliief bridge engineer of the Copper Eiver and North- 
vestem Railway, who built the steel bridge across the Copper River near the base of this mountain. 
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reaches an elevation of 3857 feet, with a slope which rises at the rate of over 4000 feet 
to the mile. Upon this steepened slope there are several small, steeply-cascading glaciers 
which are no longer connected with the main ice stream. 

Childs Glacier terminates close to the railway, and is seen annually by many travelers, 
who view it from the train at Miles Glacier station or walk down the path along the 
river bank west of the railway bridge. Its magnitude may be better appreciated by 
seeing how the capitol in Washington (PL CXLVIII, B) would appear in comparison 
with the precipitous cliff that rises above the river, and how its ice stream (Pig. 60) 
compares in width with the Nisqually Glacier on Mt. Rainier, one of the largest ice 



tongues in the United States, itself far larger than the greatest of the ice masses seen 
along the Canadian Pacific Railway in the Selkirks and Canadian Rockies. 

Ohs&rvations before the Building of the Railway* It is not known when or by whom the 
earliest observation of Childs Glacier was made, but as early as 1850 the Russian geolo- 
gist Grewingk recorded ^ that the Copper River crosses mountains, ‘'the ravines of 
which are filled with peipetual ice; and, where the river breaks through, the ice masses 
are undercut, tom away, and precipitated into the river with terrific crashing.*’ This 
probably applies to Childs or Miles Glacier, or both. 

C. G. Holt ascended Copper River in 1882 but we have no information regarding what 
he saw of the glaciers. 

1 Grewingk, C., Beitrag zur Kenntmss der OrograpJiischen und Geognostischen Beschaffenhdit der Nord- 
west-Ktlste Amerikaa mit den Anliegenden Insein, Verhandl. Rum. Kaiserl. Mineral. Gesell. zu St. Petersburg 
1848 imd 1849, pp. 34-^5. 
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In July, 1884, Abercrombie ascended the Copper River, taking several photographs 
of C h i l ds Glacier, experiencing much difficulty because of the icebergs in the river, and 
noting the speed of the current, the large bowlders carried, and the loud reports from 
the discharge of icebergs. He estimated that the glacier delivered 8,160,768,000 pounds 
of ice yearly to the river.^ On his way down the river, in September, he ran the rapids 
in front of Childs Glacier. 

On March 31st and April 1st, 1885, Allen was passing Childs Glacier, where he noted 
that the river was confined to one channel about 1£5 yards wide, east of which was a 
deposit “considerably elevated above the river bed, and overgrown with small timber, 
which was so thick as to be a great impediment to the movement of our sleds. *' He also 
mentions “the condition of the ice in front of this (deposit) forbidding an attempt (to 
travel) along the river.” Allen’s report is illustrated by several woodcuts of Childs 
Glacier from photographs taken by Abercrombie the year before,* which show that the 
glacier expanded in a clean bulb of white ice in 1884, much as in 1909, having a terminal 
slope of about the same steepness. 

In August, 1891, Hayes and Schwatka descended Copper River, and Hayes made a 
sketch map showing the Childs and other glaciers and “passed the Childs Glacier, run- 
ning within a stone’s throw of the lofty wall of ice,’* ® which suggests lack of great ac- 
tivity of the ice front at that time. 

In October, 1898, Abercrombie descended Copper River, observing great changes in 
the faces of both Childs and Miles Glaciers since his visit in 1884. Childs Glacier then 
no longer ended in the river, having “a beach some 500 or 600 yards in breadth be- 
tween it and the water, but adding a succession of very boisterous rapids, ” ^ including 
“200 or 300 yards of very nasty, rapid water, ” below which “the river is deflected to the 
left (west) by a mass of terminal moraine.” Coiporal Koehler, who accompanied Aber- 
crombie on this journey past Childs Glacier, stated that “this glacier is dry, because it 
does not throw any ice. There are some pretty high swells along this glacier, and as the 
current ran about 8 miles an hour, the boat was sucked with the speed of an arrow. ” 

Guide Rafferty furnishes evidence either that Childs Glacier had retreated westward 
during the summer of 1898, or, what is more likely, that Abercrombie went down the 
river at a stage of very low water, for he stated that in early July of the same year “the 
next danger was from the swell caused by the ice breaking off from the Childs Glacier, 
which sometimes created such waves as to land a loaded boat 150 feet high and dry on 
the shore. The current swings directly toward the glacier on m aking the turn, and it 
required all the strength at hand to keep from being carried with it. The river was 
filled with floating ice, some pieces being almost the size of a freight car. ” 

1 Abercronibie, W. R., Supplementaiy Expedition into the Copper River Valley, Alaska, 1884, Narratives of 
Explorations in Alaska, Senate Rept. 1023, 56th Congress, 1st Session, Washington, 1000, pp. 386-390. 

» Allen, H. T., Expedition to the Copper, Tanana and Eoyukuk Rivers, Washington, 1887, p. 42, Figs, 3 
and 4 and Map 2; also in Narratives of Explorations in Alaska, Washington, 1900, pp. 424-5. 

• Hayes, C. W., Expedition Through the Yukon District, Nat. Geog. Mag., Vol. IV, 1892, p. 126. 

* Abercrombie, W. R., Reports of Explorations in the Territory of Alaska, 1898, War Dept., Adj.-Gen. Office, 
No. XXV, Washington, 1899, pp. 315, 822. 

Koehler, R. A., Same, p. 431. 

Rafferty, J. J., Same, p. 450. 

These accounts by Messrs. Abercrombie, Koehler, and Rafferty are also in the Narratives of Explorations 
in Alaska, Washington, 1900. 
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H. L. Wilson, Jr., who was passing Childs Glacier in the spring of 1898, corroborates 
the testimony of the guide Rafferty that the glacier then reached the river. His descrip- 
tion is as follows: 

‘'On June 12 we were just below the Childs Glacier, on the right bank of the river. 
At 4 :80 a. m. we commenced to line our boats past the glacier. Here the river is composed 
of one stream and, in places, runs very swift. It is about one-fourth of a mile wide. The 
glacier at this time of the year is along the water’s edge. It is about a mile and a half 
long and 150 feet high. It is supposed to be moving forward. The opposite side or bank 
is a long rocky beach. When the glacier “dumps’* it throws a swell varying iu size to 
the amount of ice that falls. We sent our first two boats up on the rocky beach, and 
another was swamped at the water’s edge. ... It took a swell about three minutes 
to reach us after the ice had fallen, the second or third swell being the larger and stronger. 



Fig. 58. Miles, Childs, and Grinnell Glacters in 1900. 
Contour interval 200 feet (After D. C. Witherspoon, U. S. Geol. Survey). 


On the third trip one of our boats was thrown so high and dry that the men on the lines, 
nine in number, were in water over their heads and were obliged to cling to the large 
bowlders to keep from being washed into the stream with the receding waters. ” ^ 

In October, 1900, two Geological Survey parties went down the Copper River past 
Childs Glacier, and Witherspoon made a very good topographic map of it.* His map 
(Eig- 58), as well as photographs taken by A. C. Spencer at about the same time, show 
Childs Glacier surface and profile, and also its front in Copper River essentially as in 1909. 

Since 1900 many photographs of Childs Glacier have been taken by surveyors, geolo- 
gists, prospectors, tourists, and others, in connection with trips up and down Copper 
River. Among these may be mentioned the photographs by Webster Brown in August, 
1905, the winter photographs of Childs Glacier cliff by J. L. McPherson in January, 1906, 

1 Wilson, H. L., Jr., Copper River Exploring Expedition, 1899, Waaliington, 1900, p. 50. 
s Geology and Mineral Resources of a Portion of the Copper River District, House Doc. 546, 56th Congress, 
2nd Session, Washington, 1900, Plate 11; map republished os PI. I, Bull. 874, U. S. Geol. Survey, 1909, and 
as Chitina Quadrangle. 
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photographs by F. H. Moffit in 1906, the photographs of ice falls and advancing waves 
by Rex Beach and Fred Stone in 1908, and the photographs by E. A. Hegg, a professional 
photographer at Cordova. Beach ^ has written a vivid description of the glacier and river. 

Observations by the Railway Engineers. Between 1906 and 1910 the Copper River 
and Northwestern Railway was being surveyed and built, and Mr. E. C. Hawkins, the 
chief engineer, furnished us with a valuable body of precise data in the form of maps, 
photographs, and personal observations by himself and his assistants.* This informa- 
tion is especially useful (a) because one of the early proposed railway routes crossed the 
Copper River at the southern end of the Childs Glacier cliff; (b) because the engineers 
remained a long time at the bridge less than half a nule east of the northern terminus, 
where the bridge engineer Mr. O’Neel kept precise records of river conditions and meteoro- 
logical changes from 1907 to 1910, besides taking many photographs; and (c) because Mr. 
A. O, Johnson, one of the assistant engineers, took an especial interest in the behavior 
of the glaciers, and saw to it that precise maps were made during the unusually important 
period in the summer of 1910. To Messrs. Hawkins, O’Neel, and Johnson, and many 
others, we are under special obligations for turning over to us freely the results of observa- 
tions between 1906 and 1910. 

Observations by the National Geographic Society's Expeditions, Our own observations 
of Childs Glacier were made in August, 1909,® in August and early September, 1910,^ 
and in June, 1911.® In 1909 we only saw the glacier in passing on the railway, but in 
1910 the junior author spent about two weeks in the vicinity of Childs Glacier, maV iTig 
careful studies of general conditions of glaciation and of special phenomena at the time 
of an unusual advance. Many photographs were taken, and Mr. Lewis made the topo- 
graphic map reproduced as Map 9 (in pocket). In Jmie, 1911, four days were spent 
at Childs Glacier by the junior author. 

Normal Condition from 1881. to 1905. From 1884 to 1906 Childs Glacier is believed 
to have terminated in Copper River with a convex front, the amount of ice brought 
forward from the snowfield being about balanced at the terminus by ablation and 
by the discharge of icebergs that were carried away by the river. This belief is sup- 
ported by such photographs, maps, and observations as are available. Allen’s descrip- 
tion of the glacier in the winter of 1885, with the river about 375 feet wide and the ice 
so rough that it was impossible to travel upon it, suggests a normal winter condition when 
lack of melting and of iceberg discharge result in advance of the ice cliff, narrowing the 
channel to much less than the usual summer width and breaking up the river ice in 

1 Beach, Rei, Everybody’s Magazine, Vol. XIX, 1908, pp. 778-9, 784, 785-6, 789; The Iron Trafl, New 
York, 1913, pp. 207-208; Underwood, J. J., Alaska, New York, 1913, pp. 46-49, 68-69; Ellis, Carlyle, 
Overland Monthly, Vol. LVlil, 1911, pp. 467-466, Technical World Magazine, Vol. XVII, 1912, pp. 3-13; 
Culmer, H. L. A., Deseret Evening News, Salt Lake City, Utah, Dec. 16, 1911 (illustrated by reproductions 
of oil paintings of Childs and Miles Glaciers). 

> Before his death we had the favor of having Mr. Hawkms read and criticise the manuscript of this chapter. 

• Tarr, R. S. and Martin, Lawrence, Nat. Geog. Mag., Vol. XXI, 1910, pp. IS, 37. 

4 Martin, Lawrence, Nat. Geog. Mag., Vol. XXII, 1011, pp. 641— 648; Mastering the Alaskan Glacier Barriers, 
Scientific American Supplement, Vol. LXXl, 1911, pp. 805-307 ; Gletscheruntersuchungen iHngs der Xtlste von 
Alaska, Petermanns Geog. Mitteilungen, Jahrgang 1912, Augustheft, pp. 79-81, Tafeln 9, 10; Two Glaciers 
in Alaska, Bull, Geol. Soc. Amer., Vol. 22, 1910, p. 731. 

» Martin, Lawrence, in H. P. Reid's Variations of Glaciers for 1911, Jour. Geol., Vol, XXI, 1918, p. 424; 
Alaskan Glaciers in Relation to life. Bull. Amer. Geog. Soc., Vol. XLV« 1913, pp. 803, 807-809. 
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front of the glacier. Witherspoon’s map made in 1900 (Fig. 58) shows a normal con- 
vex glacier terminus. 

Slight Advance in 1905 and 1906, A slight interruption of the balanced condition of 
the previous years took place in 1905 and 1906, for, (a) Webster Brown’s photograph 
taken in August, 1905, shows a little crevassing of the hitherto stagnant moraine- 
covered northern margin; (b) Hegg’s photograph of July 20, 1906, shows jagged pinnacles 
of crevassed black ice in this northern portion, at a time when the middle of the glacier 
was fronted, at least in part, by a gravel bar; and (c) these photographs and the earliest 
maps by the railway engineers (Pig. 59) show the northern margin projecting eastward 
a short distance beyond the middle of the front, giving the terminus a concave shape, 
contrasting decidedly with the convex terminus as mapped by Hayes in 1891 and Wither- 
spoon in 1900. 

That the 1905 and 1906 forward movement was slight is indicated by the maintenance 
of a fairly uniform average river width from 1900 to 1908, although it is possible that 
the width remained constant while the glacier gradually forced the river eastward. Even 
if this was the case, maps prove that the displacement was very slight, and of quite a 
different order from the 1910 advance. 

Normal Condition from 1906 to 1909. From 1906 to 1909 the glacier seems to have 
resumed the balanced condition during which the steady supply of ice brought forward 
to the river was approximately equal to that taken away by melting and as icebergs, 
so that, while forward motion took place all the time in the glacier, its terminus neither 
advanced nor retreated appreciably. 

The photographs by Webster Brown, in August, 1905, and by J. L. McPherson, in 
January, 1906, show that the middle of the front of Childs Glacier formed a nearly straight 
north-south line, while the northern margin projected Eastward very slightly beyond 
the middle, which was being cut back to a fairly uniform position by the river. This 
condition was maintained up to 1909. Sometimes the glacier and sometimes a gravel bar 
(PI. CL, A) formed the western bank of the river, the condition varying with the time 
of year (as in 1898), due we believe, to the variations in river level and the position of 
its channel rather than to advance and retreat of the ice front. Thus a railway survey 
made early in the summer of 1905 indicates no gravel bar in front of the glacier, but 
Webster Brown’s photograph shows that a narrow gravel bar was exposed in front of 
parts of the southern half of the ice front on August 16, 1905; and in October, 1905, one 
of the railway engineers, Mr. Murchison, saw the whole face of Childs Glacier separated 
from the river by a gravel bar 40 or 50 feet wide. A map by the railway engineers made 
August 24, 1907, shows a bar of coarse gravel and bowld^s along the whole front of the 
glacier, with a width of 100 to 300 feet and with shallow water near the western bank. 
The main channel was then near the eastern bank of the river. The horizontal variation 
in position of the water margin on the eastern bank was 100 to 150 feet with the 24 foot 
seasonal rise and fall of the river level. 

Beginning of Advance in 1909. The width of the river in front of Childs Glacier 
remained fairly constant from 1900 to 1908, showing variations in 1909, as indicated 
below. 

After applying a correction for the seasonal rise and fall of the river, the decrease in 
width of the river from 1908 to 1909 shows an advance of the glacier of from 300 to 500 
feet sometime during the summer of 1909, as indicated in the following table: 



CHILDS GLACIER 


401 


Vabiations in Width of Copphe River m Front of CmiiDB Glacier from 1900 

TO 1909 


Date 

Width of River 

Based on Maps by 

October 9, 1900 

About 1600 feet 

D. C. Witherspoon 

November, 1905 

1100-1650 “ 

Railway Survey 

Summer, 1900 

About 1600 “ 

U. S. Geol. Survey 

August 24, 1907 

1275-1750 “ 

Railway Survey 

Summer, 1908 

1000-1800 “ 

cc 

Spring, 1909 

625-1125 " 

<< cc 

July, 1909 

775-1300 “ 

« cc 


During this period of advance, in 1909, the ice motion was about four feet or more per 
day near the moraine-covered northern margin of Cliilds Glacier. Nearer the glacier 
margin, just north of the point of observation (a, Pigi 57) the terminus of the glacier 
had no appreciable motion; at least the edge did not move forward, for small shrubs still 
grew upon it, as they had done from 1900 to 1909. 

The determination of the rate of motion in 1909, recorded above, is the work of A. O. 
Johnson, one of the railway engineers, who made instrumental observations for two 
weeks, which he has kindly given us permission to publish.^ He used a baseline 2983.7 
feet long and made transit readings upon a piece of gas pipe 5 feet long driven into the 
ice, with a flag on top of it. These 1909 observations show the following movement; 

Rate of Movement in Childs Glacier in July, 1909 


July 15, 8 a.m. to July 16, 8 p.m. 

“ 16, 3 p.m. “ “ 18, 7 a.m. 

“ 18, 7 a.m. " “ 20, 1 p.m. 

“ 20, 1 p.m. “ “ 23, 12 noon 

“ 23, 12 noon “ “ 25, 8 a.m. 

“ 25, 8 a.m. “ " SO, 8 a.m. 


1| inches per hour. 
2 
If 
If 
2A 


The average of two weeks’ observations is, therefore, a little less than 2 inches an hour, 
or 45 J inches a day. Mr. Johnson says that the rate of movement at this point was slower 
than that in the middle of the glacier, and we assume that in mid-glacier it may have 
been as much as 6 feet a day. 

The rate of melting of the surface of Childs Glacier during the summer of 1909, may 
be computed from the fact that the gas pipe holding Mr. Johnson’s flag, and which was 
drilled into a flat surface to a depth of 3 feet, had to be reset every 5 days from July 15 
to 30, because the surrounding, ice melted to the bottom of the drilled hole. This 
would give a TniniTmim rate of melting of a little over 7 inches per day. 

Mr. Johnson estimated that the amount and rate of discharge of icebergs in 1909 
was about twice as great as in 1908, and he states that the iceberg waves began to cut far 

1 Personal conuaunication, Feb. ISt, 1010. 

26 
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more actively into the river bank than they had done in previous years, A river bank 
about 25 feet high was cut back for 20 feet in one place, though elsewhere the average 
retreat of the gravel bluff was not more than to 5 feet during the summer. When 
the ice front of the advancing glacier was sufficiently undercut by the river the ice slid 
down into the water with a splash, forming a wave which rushed with great force across 
the river and up on the opposite bank. In 1908 one such wave deposited a bowlder weigh- 
ing approximately 200 pounds in the forks of a tree 80 feet back from the edge of the 
bank. Owing to the decreased width of the river in 1909, however, the waves dashed 
back over the bank for a much greater distance than in 1908, tearing away earth, bowlders, 
and trees, and breaking or knocking the bark from trees 60 feet from the river. 

That the 1909 rate of motion was slow compared with that a year later is indicated 
by the fact that the engineers were able to go out on the glacier every few days in July 
to reset the flags for measuring the rate of motion, while in 1910 this portion of the ice 
was so severely crevassed that this could not be done. Prom these facts Mr. Johnson 
concluded that the glacier was pushing forward and forcing the river eastward in the 
summer of 1909; and this commencement of advance was announced by us after our 
visit to Childs Glacier in 1909.^ 

Spasmodic Advance in 1910. The rate of motion in Childs Glacier increased during 
the winter of 1909-1910 so that part of the margin, hitherto stagnant, attained a forward 
movement of from two to eight feet a day, while in mid-glacier the rate of movement 
increased at least five or six times.* 

The ice which covers Copper River m winter serves as a delicate index of the rate 
of motion of Childs Glacier during that season. The railway engineers testify that in 
winter the river ice has always been broken more or less by advance of the glacier, and 
the description by Allen in 1885 and a photograph by McPherson in January, 1906, 
shows that there was slight breakage of the river ice at these times. During the winter 
and early spring of 1909-10, the glacier moved forward rapidly enough to buckle up the 
ice of the frozen river much more than usual, which is iateipreted as proof that the ad- 
vance of Childs Glacier continued throughout that season. 

By June 10, 1910, the ice front in various portions near mid-glacier had moved for- 
ward from 275 to 650 feet since the preceding autumn; but the total advance, including 
that of 1909, was about 1200 feet. Between the measurements of July, 1909, and Jime 
3, 1910, the river had been narrowed down to a width of from 500 to 650 feet, and, if by 
this constriction the eastern river bank had been cut back, the amount of advance stated 
above is to be considered a minimum to which it may be necessary to add from 40 to 60 
feet. As a result of the constriction resulting from this advance the water rose 21 feet 
in a few days. 

People locally speak of the discharge from the front of Childs Glacier as “sloughing.*^ 
A “slough*' has always raised waves in Copper River (PI. CXLES), making it dangerous 
for a boat to shoot the rapids m front of the glacier, or to line a boat up the opposite 
bank; but in the spring of 1910 the dangerous conditions were accentuated by the ad- 
vance of the glacier and the pushing of the river eastward. In that year the waves 

» Martin, Lawrence, in H, P. R^d’s Variations of Glaciers for 1909, Joum. GeoL, Vol. XIX, 1911, p. 88; 
Zeitschrift filr Gletsdierkmide, Band V, 1911, pp. 200-201. 

» Martin, Lawrence, Nat. Geog. Mag., Vol. XXJT, 1911, pp. 641-548; in H. F, Reid’s Variations of Glaciers 
for 1910, Joum. Gcog., Vol, XIX, 1911, pp. 468-450; Zeitschrift ffir Gletscherkunde, Band VI, 1911, pp. 102-108. 
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washed up over a bank 5 to 25 feet in height and rushed back 100 to 200 feet into the 
alder thicket, which is much farther than the waves reached in 1909. Much gravel and 
sand, stones a foot or two in diameter, and ice blocks (PL CL, B) up to ten tons in 
weight were thrown in among the trees. Alders, 9 to 11 inches in diameter, were 
stripped of leaves and bark, and bent backward or broken oflE short, or uprooted, or 
buried beneath the gravel and bowlders. The river bank, which at some points of 
measurement was cut back from ^ to 5 feet in 1909, was fairly eaten up by the iceberg 
waves which crossed the river in 1910, as is proved by measurements at the same points 
along the bank of the stream facing the glacier, where the recession of the river bank 
was from 40 to 60 feet. 

The amoimt of retreat of the river bank is shown in the following tables, the 1909 
measurements having been made by the railway engineers, while those of 1910 were made 
by our topographer from points on the same pair of short baselines which Mr. Johnson 
established the year before. The material of the river bank is very coarse, unconsoli- 
dated, glacial gravel and bowlders. The points of observation are on the eastern bank 
of Copper River, nearly opposite the middle of Childs Glacier. 


MEASTJEtBMBNTS FROM BaSELTNES TO BaNK OP CoPPER RiVER IN 1909 AND 1910 


Place of Measurement 

July 19, 1909 

Aug, 1, 1909 

Oct. 23, 1909 

Aug. 18, 1910 

Pt. A to river bank 

44 feet 

41 feet 


In river 

Pt. B “ “ 

68 “ 

68 “ 


In river 

Pt. E “ “ 

67 “ 

66 “ 

66^ feet 

16 feet 

Pt.P “ “ 

64 “ 

49 “ 

45§ “ 

-15 feet 


Pt. E is the only one of the points of measurements that was left in 1910, the river bank 
having receded beyond the sites of the other three, though in the case of Pt. F the posi- 
tion was determined exactly by measurement of direction and distance from Pt. E. These 
measurements show that the increase in iceberg discharge in the river, which was nar- 
rowed by the advance of the glacier, resulted in retreat of the river bank as follows : 


AiiouNTS OF Recession of River Bank Through Cutting by Iceberg Waves in 

1909 AND 1910 


Days Between Observations 

Pt.A 

PtB 

PUE 

PL F 

July 19 to Aug. 1, 1909, 13 days 
Aug. 1 to Oct. 28, 83 days 

Oct. 23 to 1909, 

3 feet 

5 feet 

1 foot 
§ foot 

5 feet 

3i ft. 

1 to Aug. 18, 1910 — days 

Over 41 ft. 

Over 58 ft. 

49^ ft. 

60§ ft. 


In addition to the retreat at these points there was in 1910 a general retreat of the 
whole river bank facing the glacier, shown particularly well by the undercutting and 

I Dates between which, the river was dosed by ice, so that wave work ceased, though there may have been 
some erosion of the river bank by the ice blocks which were i^oved against the river during the winter. 





404 


ALASKAN GLACIEIl STUDIES 


destruction of a weU-beaten path, which formerly followed the edge of the river bank for 
some distance. Shrubs formerly inside this path were everywhere falling over the edge of 
the undercut river bank in 1910. 

About the middle of August, when the waves were not as powerful as they had been 



Fiq. 59. Childs Giacdds in 1909 and 1910. 

Note the tongue of ice on the north edge, threatening the railroad bridge, in 1910. 

earlier in the summer, the largest ice fall, or ‘^slough,” which we saw sent a wave across 
the river with lightning rapidity, causing the water to wash up over the 15 to 20 foot bank 
near where we stood and to extend back a short distance into the forest. The wave, of 
course, rose highest directly opposite the ice fall, its height on the bank decreasing both 
up- and down-stream. Six or seven ring waves in succession splashed far up the river 
bank, the first one visibly running up-stream, against an eight or nine-mile-an-hour cur- 
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rent With this before our eyes it was easy to see how the still larger waves during the 
earlier part of the summer were able to cut the river bank so easily. 

The ice cliff in mid-glacier was about 285 feet high in August, 1910, parts of it having 
irregular projections with towers and spires of ice, and all of it being severely crevassed. 

A comparison of photographs of 1909 and 1910 shows that the terminus of the glacier was 
considerably thickened by the advance. At the time of our visit in August, 1910, the 
river was so low that some of the ice falls lay where they fell, though many were immedi- “ 
ately carried away by the river. At one point at the base of the ice cliff the water was so 
shallow that large bowlders rose above its surface, and it was evident that undercutting 
was then much less active than when a deep current swept the glacier face; but it was still 
effective enough to cause the ice front to retreat while the glacier was flowing strongly 
forward. We heard many more ice falls- in the evening and night than during the day, 
the rumbling and roaring from the glacier increasing every night after sunset. This 
may possibly be due to greater contraction of the ice at night, resulting in breaking and 
scaling off of ice fragments, so that undercutting by the river resulted in great falls. The 
same increase in noises from the glacier at night was also observed at Columbia Glacier 
in 1910 and at Childs Glacier in 1911. 

The southern border of the glacier was moderately crevassed in August, 1910, the 
cracks having extended throughout the lateral zone of ablation moraine and to the 
very edge of the glacier. There was much thickening with the advance (PI. CLI) and 
enough lateral spreading to cover the site of a former marginal stream, the glacier termi- 
nating close to the edge of an alder-covered bluff. 

Near the northern margin of the glacier is an easily-accessible portion of the ice front, 
which ends upon a nearly-flat plain of till and glacial gravels, overgrown with alder 
and cottonwood trees 50 to 150 years old (PL CLII). Here, as in mid-glacier, the ice 
advanced slightly between 1900 and 1906, probably in 1905-6, but did not move for- 
ward more than a hundred feet or so along this margin. It was nearly without motion 
from 1906 to 1909, so that small shrubs had begun to grow upon the stagnant margin 
of the glacier which projected eastward only slightly beyond the main ice cliff. This 
part of the glacier advanced over 1600 feet between 1909 and June 3rd, 1910, and 204 
feet more up to October 5th of that year, when there was a conspicuous east-projecting 
lobe (Fig. 59). The following table of distances from the glacier margin to the site 
of the northern end of the railway bridge (PL CXLVIII, A) shows the advance of this 
northern lobe: 


AnvANCE OP Noethbhn Maegin op Childb Glaciee Towaed Railway Bridge 


Date 

Distance from Northern Margin 
of Glacier to Bridge 

Nature of Change 

Summer, 1906 

3200 feet 

Slight advance since 1900 

Aug. 24. 1907 

3200 feet 

No change appreciable 

Spring, 1909 

3440 feet 

Slight retreat 

June 3, 1910 

1776 feet 

Advance 1665 feet 

Aug. 17, 1910 

1624 feet 

Advance 151 feet 

Oct, 6, 1910 

1671 feet 

Advance 53 feet 

June 16, 1911 

1474 feet 

Advance 97 feet 
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During the summer of 1910 part of this margin was accurately mapped eight times» 
seven of the surveys being made by the railway engineers, and one by our topographer. 
The changes are shown in the accompanying table and in PI. CLIV. 


Rates of Advance op Northbbn Margin op Childs Glacier in 1910 and 1911 


Dates 

Days 

Advance, 

in Feet 

Bate 'per Day, in Feet 



Greatest 

Average 

Fastest 

Average 

June 3 to July £9, 1910 

56 

124 


2.2 

2.07 

July S9 to Aug. 6 

8 

26 


3.25 

2.87 

Aug. 6 to Aug. 11 

6 

41 


8.2 


Aug. 11 to Aug. 17 

6 

27 


4.5 

.66 

Aug. 17 to Aug. 29 

12 

42 

19 

3.5 

1.58 

Aug. 29 to Sept. 19 

21 

37 

27 

1.76 

1.28 

Sept, 19 to Oct. 5, 1910 

17 

IS 

n 


.44 

Oct. 5 to June 16, 1911 

254 


97 


.38 


This striking rate of advance, averaging two to eight feet a day, shows variations 
in velocity with two maxima in the average movements. The fastest movements show 
a very rapid increase in rate of advance to the maximum August 11, and an unusually 
rapid decrease again. 

It was a rare opportunity to witness the visible forward movement of this margin 
of Childs Glacier into the forest, as we did during daily visits about the middle of August. 
A series of lobes developed, though some of them were not persistent (PI. CLIV), and 
at the ends of these lobes the day-to-day changes were most pronounced. Enormous 
ice blocks rolled down the frontal slope, some of them sliding many feet into the forest. 
Trees were overturned. Ttuf and grass were ploughed up and carried on the glacier 
(PI. CXLV, B), whose ice blocks acted as ploughshares, which ripped up turf and shrubs 
and carried them along ten or fifteen feet higher than the level at which they grew on 
the plain. Gravel and turf were heaped up in a discontinuous terminal moraine. 
Yet one saw and heard little of a spectacular nature while traversing the ice 
front. It was an irresistible, steady movement; but slow, as the millfl of the gods. 
As impressive as anything was to find tons of ice resting where one stood to take a photo- 
graph the day before, or to find some great tree 100 years old prone on the ground with 
the butt beneath the glacier, where the day before the tree was upright, with the ice 
just touching it, or with a space of from one to three feet between the glacier and the 
tree. In places ice blocks, after sliding forward, lay tilted at all conceivable angles 
on top of the push moraine; but this seemed to be clearly overriding, rather than sub- 
marginal accumulation. 

Near the river, the ice was thickly covered with ablation moraine and had relatively 
few crevasses in August, 1909; but photographs taken during the winter of 1909-1910 
and early in the spring of 1910, show it severely riven by cracks. In August, 1910, 
practically all the moraine had slid into the crevasses, though a few small stones still 
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lay upon the serac tops (PI. CLV). These were, at the time of our visit, continually 
flliHing down into the cracks, for early in 1910, this margin was so little broken that 
some of the bridge engineers had no difficulty in walking over it; but by August it 
was so crevassed that we found it impossible to ascend the precipit6us glacier m argin 
or to walk more than a few yards upon the ice. We, therefore, assume that nearly aU 
of the crevassing took place during the spring and early summer of 1910. 

Despite the great forward movement, however, the lateral spreading did not result 
in severe crevassing in all of the northern margin of the glacier, for the extreme northern 
margin was still thickly covered with ablation moraine (PL CLHl) with crevasses ex- 
tending into the edge of it and not affecting the outer portion, where a few small shrubs 
still grew upon the ice in August. 

There were notable variations of drainage along the northern margin. In 1909, and 
for some time before, there was a small marginal stream in front of the glacier, which 
flowed southward to the Copper River at high water, entering the river directly; but 
at low water stages, the main portion of this marginal stream flowed eastward, behind 
a gravel bar, nearly to the railway bridge before entering the westward-flowing Copper 
River. On June 10, 1910, this stream was at the very edge of the glacier, but a little 
earlier some of the engineers observed that the glacier was 75 to 100 feet west of the 
stream. The stream did not maintain a marginal position in front of the advancing 
glacier, however, for on July 29 there was no stream visible. At the time of our visits, 
in August, a marginal lake had formed, covering part of the northern alluvial fan and 
extending eastward nearly half a mile into the forest, where the water stood waist-deep 
among the trees. This lake ended 200 or 300 yards north of Copper River and had 
an invisible subglacial outlet. Between September 19 and October 5 the outlet, then 
visible, was extended over 200 feet southward, cutting back the glacier margin some 
distance, and then continuing in a subglacial course to the Copper River. 

The rate of movement in mid-glacier during the summer was not detemuned, but 
judging by the measured rate at the northern margin, and by comparison with meas- 
ured rates at intervals across glaciers in other regions, it may well have been at least 
six times the 1909 rate, that is SO or 40 feet a day, or at times even more. But the middle 
of the glacier did not advance as far during the summer as the northern margin did, and 
during 16 days in May, when the river was rising, it retreated 200 feet, while between 
June 3 and August 11 there was a retreat of 415 feet, and between August 11 and 17 
of 160 feet. This retreat occurred while the northern margin was advancing most 
strongly and it seemed to us that it was not due to a cessation of forward motion but 
whoUy to undercutting by the Copper River, which rose six feet between Jime and 
August. We accordingly predicted in August that the ice front in the river would 
readvance during the latter part of September when the river was lower. This predic- 
tion proved correct, for up to October 5 there was an advance of 325 feet in mid- 
glacier plus whatever additional retreat occurred between August 17 and the date 
when the advance commenced, the river having fallen over nine feet in the meantime. 
The rate of retreat from August 11 to 17 was at least 27 feet a day. 

Since the glacier advanced at least 325 feet in the 49 days between August 17 and 
October 5 the rate of actual advance in mid-glacier was over 6^ feet a day. As (a) 
icebergs were discharging aU the time, as (b) the advance was surely over 325 feet, 
and as (c) the forward movement began not on August 17 but probably after the 
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middle of September, when the river was much lower, the rate of advance undoubtedly 
exceeded 6^ feet a day. If the advance commenced on September 19, when the river 
level lowered, the forward movement of more than 325 feet in the 16 days before October 

5 was at the rate of over 20 feet a day. Taking the Tuininmjn of 6 J feet a day, however, 
the following computation may be made. If the middle of the front of the glacier moved 
forward at the rate of at least 6i feet a day when the northern margin was advancing less 
than half a foot a day (September 19 to October 5, see table, p. 406) then the middle 
of the glacier may have been moving over 40 feet a day between July 29 and August 

6 when the northern margin had an average velocity of nearly 3 feet a day. Repeat- 
ing the same calculation on the basis of movement at the rate of 20 feet a day in mid- 
glacier up to October 5, it appears that the ice in the middle of Childs Glacier may 
have been flowing at the rate of at least ISO feet a day between July 29 and August 6. 
These figures are, of course, mere estimates, but they indicate clearly the order of mag- 
nitude of the rates of glacier motion during a spasmodic advance. The ice was too 
much crevassed to permit the setting up of flags and there were no pinnacles of ice 
that could be identified from day to day, so that we were unable to make precise meas- 
urements of the rate of movement. It seems dear to us, however, that a rate of move- 
ment of not less than 30 or 40 feet a day occurred in mid-summer of 1910, in the central 
part of the glacier; and the rate may well have been several times that amount. 

The oscillations of the ice front in mid-glacier during the summer of 1910 are shown 
in the following table: 


Vahiations m Width of Coppeb River in Front of Childs Glacier with 
Oscillations of Ice Front in 1909-1910 


Date 

Width of River 

Advance or Retreai 

Based on Maps by 

July 

1909 

775-1300 feet 

Beginning to advance 

Railway Engineers 

June 

3, 1910 

500-650 feet 

Advance 275-650 feet 

a tt 

Aug. 

11, 1910 

1065 feet 

Retreat 415 feet 

c« cc 

Aug. 

17, 1910 

625-1225 feet 

Retreat 160 feet 

Nat. Geog. Society 

Unknown date 

Not measured 

Stationary 

Not surveyed 

Oct. 

5, 1910 

600-900 feet 

Advance 325 ^ feet 

Railway Engineers 


What the glacier might do before the spring of 1911 was of great interest. It might 
continue to advance; or, as the diminishing rate of advance on the northern margin 
after August 11 suggested, it was possible that the strongest advance was over. If 
advance continued, would the glacier move up to and destroy the railway bridge 
(PI, CXLVm, A), which was only 1571 feet distant from the northern margin 
(Fig. 59), or would it stop before advancing that far? The bridge cost $1,500,000, and 
is the key to the new $20,000,000 railway to the copper mines. It is absolutely 
certain that no corps of engineers living could save the bridge and railway if the 
glacier should advance that far. The railway was less than a mile from the middle of 
the glacier, which might easily have advanced this distance between May and October, 


1 Plus uzuneasured retreat after August 17 * 
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1910, when it was moving at the rate of 80 to 40 feet a day, or more. If the glacier 
terminus had not been swept by the Copper River, the rapidly-moving middle of the 
glacier certainly would have advanced this distance. The slowly-moving northern 
margin did advance 1869 feet, at a rate which increased from practically zero in 1909 
till it reached 2 to 8 feet a day in 1910. Advance here was possible because this part of 
the glacier ends on the land where the river could not cut it back. 

At the end of the summer of 1910 this northern portion of the glacier was only 1571 
feet from the railway bridge. If the river had not had its normal summer rise, or had 
the advance occurred in the winter when the water was low and the river weak, the 
middle of the glacier would surely have advanced a good part, if not all, of the distance 
to the railway. As it was the ice front did move forward more than 600 feet before 
the rise came. It is evident, therefore, that the preservation of the railway and bridge 
during the summer of 1910 was due to the river, the very thing which necessitates the 
bridge. The relationships of the variations of the glacier to stages of river level are 
as follows: 


OsCILIiATIONS OF MiDDLB OF ChiLDS GlACTER AND OF CoPPER RtVER LeVEL IN 1910 


Date 

Variations of Glacier 

Stage of River 

1909 to Junes, 1910 

Advance 275-650 feet 

Pall ^ 12 feet. May 6 to June 3 

June 3 to Aug. 11 

Retreat 415 feet 

Rise 6 feet 

Aug. 11 to Aug. 17 

Retreat 160 feet 

Level about stationary 

Aug. 17 to unknown date 

Retreat, continued 

Rise l-r^^ feet 

Unknown date to Oct. 5,1910 

Advance 325 feet ^ 

PaU 9 feet 


Resumption of Normal Conditions in 1911, Upon the return of the junior author 
to Childs Glacier in June, 1911, it was found that the slowing down of the advance 
of the previous year (see table, p. 406) had been continued. The northern margin 
of the glacier had advanced only 97 feet toward the railway bridge (PI. CLIII), and 
the rate of motion had been reduced from 44-100 of a foot a day in September- 
October, 1910, to 38-100 of a foot a day in June, 1911. Conditions were not yet quite 
normal, however, for under usual conditions this portion of the glacier terminus has 
little motion, and the amount of ice brought forward is so nearly balanced by melt- 
ing, that the ice edge either remains stationary or retreats. In 1911, however, the north- 
ern margin was still advancing slowly, but appreciably, into the forest, a tape line measure- 
ment proving an advance of approximately 1 foot in the 3 days between June 16 and 19. 
This portion of the ice front was almost as severely crevassed as in the previous summer. 
There was much less terminal moraine and in most places there was none, though at 
one point the moraine was 5 or 6 feet high. On the river bank there was a low, partly- 
submarginal moraine, made up of roimded bowlders and including some dead alders. 
The stream draining the marginal lake flowed through the forest parallel to the ice 
front, having abandoned its subglacial channel since the previous autumn. 

That the rate of motion decreased also in mid-glacier is made plain by the fact that 

1 Low water throughout most of fall and winter, with rise from March 16 to May 6. 

I Plus unmeasured retreat after August 17. 
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the ice front did not advance completely across the river channel during the winter; 
but that it did advance all winter is proved by the breaking of the river ice, observed 
by the watchman at the bridge. The channel was 600 to 900 feet wide in October, 

1910, and approximately 400 or 600 feet wide in June, 1911. During most of the in- 
tervening months the river was so low that a gravel bar separated the ice cliff from 
the river. Therefore, there was practically no loss of ice through undercutting and 
discharge of icebergs, and during the winter months there would be little loss from 
ablation. Yet the glacier did not advance completely across the river channel, as it 
would have done if it had been moving as much as 6^ feet a day, as was the case in 
the previous autumn. In fact, the rate during the winter was less than 2 feet a day. 

Exactly how much the ice front did advance during the winter is not known. It 
was at least 200 to 400 feet and probably not much more. The river did not rise high 
enough to cover the gravel bar until sometime between June 6 and 9, 1911. Then the 
undercutting of the ice cliff by the river resulted in the beginning of rapid iceberg dis- 
charge, spoken of by people in Alaska as the “working” of the glacier. The ice cliff 
accordingly began to retreat and the width of river observed on June 17 had undoubt- 
edly been increased by some retreat during the previous week. Even with this allowance 
it is evident that there had been a notable diminution of rate of advance during the 
winter of 1910-11. Judging by the incomplete data that we have, which at least give 
the approximate relative magnitudes of the motion, the middle of Childs Glacier was * 
moving at the rate of approximately 2 or 8 feet a day from 1906 to 1908, increasing 
to 6 or 6 feet a day in 1909, to at least SO or 40 feet a day in August, 1910, and at the 
height of the advance perhaps much more. The rate also decreased rapidly, being be- 
tween 6 and 20 or more feet a day in October, 1910, and less than 2 feet a day in June, 

1911. 

Signs of the preceding summer’s activity were still visible on the river bank opposite 
the middle of the glacier, and, Qwing to a rapid rise of the river during the period of 
observation, the junior author was again able to witness the phenomenon of frequent 
and active iceberg discharge. The ice cliflF was still so near that the waves occasionally 
rushed across the river and rose over the gravel bluff. Ice blocks of many tons in weight 
were left by the waves and stones of great size were hurled back among the trees, while 
some of the smaller shrubs were being uprooted by the waves. Several times these 
waves were seen to run up-stream from f to of a mile against the river current. 
Hundreds of salmon were washed out upon the bank of the river near the glacier. At 
the base of the ice cliff the water sometimes splashed 200 feet into the air, and air vi- 
brations in connection with icebergs discharge shook a frame building i of a mile 
from the glacier vigorously, so that the writer was awakened from sleep several times 
during the night. As in 1910, iceberg discharge was more frequent in night than in 
the daytime. Yet, on the whole, the phenomena observed in 1911 were feeble com- 
pared with those of the previous year when the maximum advance was in progress. 

The diminution of movement was also shovm by the inactivity of the southern third 
of the glacier front. Some lateral spreading of the southern margin of the glacier oc- 
curred between August, 1910, and June, 1911, but that it had ceased for some time 
was indicated by the presence of a narrow strip of thin ablation moraine on the ice 
edge and by the fact that for some distance from the margin the crevasses in the glacier 
had nearly healed by ablation. 
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Altogether the 1911 conditions indicated a rapid return to the normal state which 
prevailed before the advance of 1910. 

It would have been scientifically interesting, though unfortunate for the railway, 
to have seen the advance continue during the low water stage from October, 1910, to 
June, 1911, with a gradual forcing of the river eastward, the cutting back of the eastern 
river bank in the unconsolidated gravels, the interference with stream flow and iceberg 
discharge from Miles Glacier, and many accessory phenomena. Fortunately the glar 
cier advance came at the time of high water, and was nearly over by the beginning 
of the low water stage in October. The advance would have easily reached the rail- 
way if it had occurred in early spring, late faU, or winter. It seems probable, however, 
that the river can always be depended upon to protect the bridge and railway, if future 
advances come at high water, when undercutting of the glacier seems competent to 
cause enough iceberg discharge to keep back the advancing ice front; unless, of course, 
there occurs a period of prolonged or far more active advance. It is unfortunate that 
there is no similar protective relationship of the river to the Alien, GrinneU, Heney, 
and Kennicott Glaciers, whose outer portions are also traversed by this railway and 
which may sometime have advances similar to that of Childs Glacier in 1910. 

Cause of the 1910 Advance, The advance of Childs Glacier in 1910 is of interest in 
connection with the spasmodic advances or glacier floods of the Yakutat Bay glaciers 
since 1899. The recent history of the ice tongue may be summarized as follows : Omit- 
ting the imperfectly-known history of Childs Glacier at the time of the visits by the 
Russians, we know that it was engaged in what seems to be normal flowage from 1884 
to 1909, interrupted by a slight increase in rate of movement in 1905-6. In 1909 this 
normal movement was interrupted by a marked increase in rate of flow but this did 
not assume great proportions until the summer of 1910. During this summer the ad- 
vance was phenomenal, being similar to what we infer to have taken place in the 
Yakutat Bay, glaciers during their brief spasmodic advances, though with a longer 
total period of advance, in this respect resembling the conditions in the Vemagt-Femer 
of the Tyrol. The Childs Glacier began its unusual activity in 1909, was many 
times more active in 1910, slowed down by October, 1910, but continued a slight ad- 
vance during the winter of 1910-11. In June, 1911, the conditions seemed to be nearly 
normal again,' though there was still some advance.^ This shows clearly that a great 
wave of motion surged down through Childs Glacier, beginning to make itself felt in 
1909, causing greatest activity in 1910, and becoming greatly reduced in about a year 
from the time it commenced. 

Mr. E. C. Hawkins was told by a reliable prospector, who witnessed the happening, 
that during an unusually warm, rainy period in January or February, 1910, a detached 
hanging glacier fell from the walls of the Childs Glacier valley about 10 miles west of 
Copper River, A stupendous quantity of ice was avalanched out upon the glacier 
surface. This of itself could not have caused the advance of 1910, which indeed had 
already commenced before the avalanche. It illustrates, in a small way, however, what 
may take place on a much larger scale when a severe earthquake shakes a mountain 
region like that near Childs Glacier, which has many detached glaciers hanging on 
steepened slopes and much snow in unstable equilibrium. 

1 Cdeb Ccraer of Cordova observed in 1912 that Childs Glacier had advanced 60 feet from July 15 to 
S^tember SO. It is presumed that this was measured at the northern margin (see table, p. 405). 
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It is known definitely that this portion of the Chugach Mountains had severe ava- 
lanches during the Yahitat Bay earthquakes of September, 1899, for the shocks were 
felt with much severity on the Copper River delta southwest of Childs Glacier, as well 
as to the southeast; and many avalanches were heard in the Chugach Mountains to 
the northwest.^ In all probability avalanches were also caused by the smaller Chugach 
earthquake of October 9, 1900, which was felt with much severity on the Copper River 
delta,* and indeed by one party between Childs and Miles Glaciers. The rapidity of 
movement of this wave of advance in 1910 and its rapid diminution strongly suggests 
the earthquake avalanche origin. 

The climatic situation regarding Childs Glacier may be summarized as follows : At 
Fort Liscum near Yaldez, 60 miles northwest of Childs Glacier there was increased, 
snowfall in 1902-1903 and in 1907-1908 (see table, p. 316). At Orca, SS miles south- 
west of Childs Glacier, the snowfall® was much heavier than usual in 1902-1903 and. 
from 1906 to 1908. For the snow year 1907-1908 the railway engineers’ records at. 
Miles Glacier station show a snowfall of 433 inches and for 1908-1909 of 410 inches. 
In the latter year the snowfall at Flag Point, 20 miles south of Childs Glacier was 
355 inches. During the first half of the snow-year 1909-1910 the snowfall at Miles. 
Glacier station was 102^ inches, or only half as much as in the corresponding months, 
of the two previous years. This suggests that the snowfall in 1907-1908 was exception- 
ally great. The slow advances of Miles and Grinnell Glaciers in 1910, of Heney Gla- 
cier in 1911, and of Allen Glacier in 1912, described on subsequent pages of this book, 
suggest that the advances of all five of these glaciers may be due to increased snowfall 
in 1902-1903 or 1906-1908, but the junior author does not feel that a suflicient body 
of fact is as yet available for choosing between the climatic and earthquake hypotheses. 

The Terminal Moraine of Childs Glacier. There is unmistakable evidence that Childs.: 
Glacier formerly spread out in a great bulb, similar to the present bulbs of Allen, Sher- 
idan, and Miles Glaciers. The proof of this is found in the remnants of the great ter-- 
minal moraine of Childs Glacier. There are five of these residual masses of glacial 
drift around the periphery of the former bulb (PI. CLXV) and m, m (PI. CLVI), 
The moraine is an ancient one, everywhere clothed with dense vegetation, chiefly alder 
and cottonwood. 

The first of these is the 600 foot hill on the western side of the Copper River valley, 
immediately north of Childs Glacier. It is a curved ridge extending eastward a mile' 
and a quarter from the valley wall. Its crest everywhere rises 400 feet above sea level, 
or 275 feet above the adjacent valley bottom, and three knobs upon it reach elevations- 
100 and 200 feet higher. It connects with a 500 foot terrace on the northern slope of 
the valley of Childs Glacier. This terrace slopes rapidly westward to an elevation of 
1200 feet. The moraine is f to ^ a mile wide and, in places, its surface has pronounced 
minor irregularities. Its slopes are very steep. 

This moraine remnant was at first thought to be a rock hill, especially as it rises- 
much higher than any other moraine accumulation in the Copper River valley. In 

1 Martin, Lawrence, Alaskan Earthquakes of 1899, Bull. Geol. Soc. Amer., Vol. XXI, 1910, pp. S51-852,. 
S66, S04-365, 873, 374; Tarr, R. S. and Martin, Lawrence, Ihxjfessionfll Paper 69, U. S. Geol. Surv^, 1912, pp^ 
49-50. 

* Martin, Lawrence, op. dt., p. 401. 

• Bata assembled by Mis s Maude Reid from Weather Bureau records. See unpublidied thesis, Univei^ 
aity of Wisconsin, 1913, 
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its position, however, it is out of harmony with any other uneroded rock spurs along 
the Copper River, though perfectly normal as a morainic accumulation of Childs Gla- 
cier. Repeated traverses of its slopes have revealed no rock ledges, and no rock in 
place is found in the existing exposures. The first of these is at the extreme eastern 
end, where the grading for the Copper River and Northwestern Railway cut into the end 
of the moraine for | of a mile. Here all of the material was till, with large bowlders 
imbedded in fine clay. The other exposure is at the western end of the moraine, where 
Childs Glacier has cut into the edge of the moraine terrace, revealing no rock, but till 
and stratified gravel. These relationships prove that this is a morainic accTimulation 
and not a rock hiU, and it is also clear that this is a moraine built by Childs Glacier 
and not by the former trunk glacier of the Copper River canyon. 

There is a gap of a mile and a half between this large northern ridge and the next 
two remnants of the terminal moraine of Childs Glacier. They are each small knobs, 
lying obscurely in the forest between the railway and Miles Glacier. The northern- 
most is a small hillock, rising to a height of S02 feet, or over 100 feet above the adja- 
cent outwash plain. It lies just in the edge of a more-recent, low, terminal moraine 
of Miles Glacier (PL CLXV) and is made up partly of rounded gravels. The other 
small residual of the terminal moraine of Childs Glacier is a long, low ridge which 
probably marks the easternmost portion of the former bulb. 

The fourth hilly area which represents part of the terminal moraine of Childs Glacier 
is fairly large, but does not rise very high above the outwash plain. It extends from 
the railway to the Copper River, beginning with a single, steep-sided ridge which crosses 
the railway west of Mile Post 47. Close to the railway, it is a narrow, sinuous ridge, 
esker-like in places, but generally with knobs and kettles, and, at one locality, divided 
into parallel ridges which enclose the basin of a large pond. Near the railway it rises 
25 to 40 feet above the adjacent plain of outwash gravels, which is perfectly smooth 
except where trenched by parallel, southwest-trending channels of the former streams 
from Miles Glacier. This moraine broadens and becomes more irregular as it extends 
southwestward and, near the Copper River, rises to an elevation of 100 to 200 feet. 

The fifth and southernmost remnant of this terminal moraine lies south of Childs 
Glacier and west of Copper River, which has cut a steep cliff in it. The moraine is 
210 feet high and extends close up to the present margin of Childs Glacier (PL CLXV). 

The expanded bulb of Childs Glacier, which built this terminal moraine, was at least 
4^ miles wide and projected 1^ miles farther east in the Copper River valley than the 
present ice front. The time of its maximum independent expansion was later than 
the stage of a trunk glacier in Copper River valley, and must have also been a time 
of diminution of the present bulb of Miles Glacier, which overlaps it in part. The 
Childs Glacier evidently retained this advanced position for an exceedingly long time 
in order to produce these large moramic accumulations. The Copper River necessarily 
flowed then on the eastern side of its valley. The latest shifting of the Copper River 
toward the western side of the valley, doubtless at a time of expansion of the Miles Gla- 
cier bulb, resulted in the cutting away of portions of this terminal moraine, as well as in 
the destruction of the ice bulb of Childs Glacier. Subsequently the outwash gravels 
were deposited between the moraine remnants by streams from Miles Glacier, and the 
Copper River was forced over to its present course, where it undercuts the front of 
Childs Glacier and prevents its terminus from expanding into a symmetrical bulb. 


CHAPTER XXI 


MILES AND GRINNELL GLACIERS 


Location and Relationbhipb 

The Miles and Grmnell Glaciers are located just north of Childs Glacier, 25 or 30 
miles above the mouth of Copper River (PL XCIQ), in the lower part of the canyon 
by which the river crosses the Chugach Mountains. At this point the Copper River 
valley is from 2^ to 4 miles wide at the bottom and its walls rise abruptly to devations 
of from 3000 to 6000 feet. Farther south the valley walls flare apart, the width being 
18 nules near the sea; and the glaciers discussed in this chapter are at the head of the 
V-shaped indentation with which the Copper River canyon ends. 

Here four glaciers enter the valley near by at right angles to its course (Map 0, in 
pocket), Miles Glacier coming from the east and Childs, Grinnell, and Allen Glaciers 
from the west. Their termini are from 125 to 200 feet above sea level. Miles and 
Allen Glaciers extend completely across the main valley, forcing the Copper River 
first against one mountain wall, then the other, so that it writhes between the glaciers 
in a sinuous course. Miles and Allen Glaciers, like Childs Glacier, each act as a dam 
to the river, causing rapids opposite the end of each of the three glaciers, and above 
these, such relatively slack water as to give rise in each case to a lake-hke expanse. 
The expansion above Childs Glacier is a broad lake, into which Miles Glacier dis- 
charges icebergs, but the other expansions are mere enlargements of the width of the 
river. There is no name for the rapids opposite the end of Childs Glacier, but the 
rapids opposite the ter mini of Miles and Allen Glaciers are called Abercrombie Rapids 
and Baird Canyon Rapids respectively. 

Copper River is fed chiefly by glacial streams, receiving the drainage of some of the 
glaciers on the southern side of the Alaska Range, of a large proportion of the glacier 
system of the Wrangell Mountains, and of the glaciers along 200 miles of the northern 
slopes of the Chugach Mountains. To this already great supply is added much water 
from Allen, Miles, and Childs Glaciers. 

After the railway crosses the river by the high qteel bridge between Miles and Childs 
Glaciers it passes over the tip of Grinnell Glacier, and close to the northern part of Miles 
Glacier near Abercrombie Rapids. 

Miles Glacieb 

General Deacriptim, Miles Glacier (PI. XCin) flows westward into the Copper River 
valley from an unexplored source in the Chugach Mountains. Only the lower 15 miles 
of the glacier have been mapped (Map 9), but much more than this is visible from 
the railway, and it is probably 40 or 50 miles long.’ It rises in snowfields, north of 
Bering and Martin River Glaciers, where Mt. Hawkins ^ and several other peaks rise 

1 Nttnaed ia 1910 for the late F. C. HawkinSi the enghieer who built the Copper River and Northwestern 
Railway. 
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to heights of 8000 to 10,000 feet near the head of the Miles Glacier. Within the moun- 
tain valley the glacier has a width of two to two and a half miles and it receives at least 
three tributaries in its lower course. There are one or two rather weak medial mo- 
raines, but there are broad lateral moraines; that on the north having a width of an 
eighth of a mile, while the southern lateral is half a mile to a mile in wid^. Throughout 
its visible course, in this mountain vaUey, this ice stream is severely crevassed. 

Where it emerges into the Copper River valley, the Miles Glacier spreads out in 
a great bulb, the width increasing from miles in the mouth of the valley to 6 J miles, 
measured from the northern to the southern edge. This bulb has two quite different 
portions, a precipitous ice wall on the south, and a moraine-covered piedmont area in 



the northern portion. The southern half protrudes only slightly from the mountain 
valley, ending in a vertical, white, ice cliff (PL CLVIII, B) which discharges icebergs 
into the lake-like expanse of Copper River caused by the Childs Glacier constriction 
just below. This cliff is about three and a half miles long and at least 200 feet high. 
On the southern border of this clear ice terminus is a detached strip of ice completely 
mantled by morainic debris, making it impossible to judge exactly where the ice ends. 
This is opposite the terminus of the broad strip of lateral moraine, barren of vege- 
tation, which extends up the southern border of the glacier. 

The northern half of the Miles Glacier terminus, into which the ice cliff grades, pro- 
jects westward a distance of three and a half miles, forcing the Copper River clear 
across the valley and into a marginal channel on the western side, where the constric- 
tion causes Abercrombie Rapids. This part of Males Glacier looks so little like a glacier 


I 





416 


ALASKAN GLACIER STUDIES 


that it has not been represented as such on some of the maps; for it is stagnant, mo- 
raine-veneered, and vegetation-covered, ice showing only here and there where the 
moraine is slumping (PL CL VII) as the unstable foundation slowly melts. Quite in 
contrast to the ice cliflp portion, there is no discharge of icebergs from any part of this 
moraine-covered margin. It is nearly twelve and a half miles around the periphery of 
the Miles Glacier front, passing along the ice cliff, then, in a great curve, around the 
margin of the moraine-covered bulb. 

As seen from the railway at Miles Glacier station, the Miles Glacier is less impressive 
than the Childs, which is nearer. The real difference in magnitude may be appreciated 
from Fig. 60, which shows the Miles and Childs Glaciers with sketches of several of 
the larger glaciers of the United States and Canada, on the same scale, superimposed 
upon them. 

Observations by the Russians. Several explorers have quoted the Copper River natives 
as saying that in early times, before the Russian explorations, Miles and Childs Glaciers 
were united, with the Copper River flowing underneath. While not at all improbable, 
there are no known facts to verify this. 

As in the case of Childs Glacier the date of the Russian observations quoted by 
Grewingk in 1850 is not known; nor is it known whether these are Grewingk’s own 
observations or those of some one else. The Russians who are known to have gone up 
Copper River are Nagaief in 1783,^ and several others up to the time of Serebrannifcoff 
in 1847.® The observer to whom Grewingk refers may possibly have been a sailor like 
Nagaief rather than a trader like Serebrannikoff and some of the others, for he gives 
the thickness of the ice in fathoms, not in feet. 

Grewingk ® stated in 1850 that “the ravines filled with ice twenty fathoms thick are 
a mile wide at the river, and in some places the ice is covered with earth in which grow 
mosses, berry bushes, and the alder. Frequently we can see the icebergs ^ covered with 
soil and a growth of green bushes and ripe berries. 

“Rapids have been formed above the canyon where the current of the water has 
•cut through the glaciers . . . and beyond these rapids no more ice is found, and 
the sea breezes and the fogs do not reach.” 

This seems to be a description of the stagnant, northern part of Miles Glacier at 
Abercrombie Rapids and perhaps of Allen Glacier, above which there are no other large 
glaciers that the Russian explorer would have seen from the river. 

Observations by Army Officers and Oovemmeni Geologists . Abercrombie spent July 
and August, 1884, near Miles Glacier, making a map, taking a number of photographs, 
afterwards reproduced in Allen’s report of the army expedition of 1885, and recording 
some facts concerning the glacier.® Its middle portion was severely crevassed, for in 

1 Bancroft, H. H., Histoiy of Alaska, Vol, XXXIH, San Frandaco, 1886, p. 187. 

1 Journal of the Russian Greographical Societr, St. Petersburg, 1849, translated by S. N. Buynitzi, and 
•quoted by H. T. Allen, in Narratives of Explorations in Alaska, Senate Rept. 1023, 56th Congress, 1st Session, 
Wadiington, 1900, pp. 412-418; Dali, W. H., Alaska and Its Resources, Boston, 1870, p. 843. 

> Grewingk, C., Beitrag zur Kenntniss der Orographischen und Geognostischen Beschaffenheit der Nordwest- 
Ktlate Ameiikas mit den Anliegenden Inseln, Verhandl. Russ. Eaiserl. Mineral. Gesell. zu St. Petersburg, 
1848 und 1849, pp. 84-6. 

* Probably meaning the glacier rather than icebergs. 

» Abercrombie, W. R., Supplementary Expedition into the Copper River Valley, Alaska, 1884, Narratives 
of Explorations in Alaska, Washington, 1900, pp. 886, 889-300. 
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B, The Advancing Terminus of Childs Glacier 

Near the northern edge in 1910, when this portion was advancing into the forest at the rate of about 3i feet 

a day. Photograph, August, 1910. 




PlATB CXLVI 



Map of JjomsB . Port PidaiiGO (Based on Soijndingb by U. S. CJqast and Geodetic Sitbtet) 

Shomiig the trough produced by glacial erosioii below sea level; and the U-shaped, submerged hanging valleys. Submerged contour 

interval, 100 feet- 
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minwinff snowfields valley gkder and terminal bulb. Photograph, August 19, 1910, from Station near Miles Glacier. 
^ Foreground, ice of Miles Glacier. 


Plate CXLVin 



B. Past of Eront of Chtlds Giacieb m Copfeb River 

ShoTTing comparison of ice diff, which varies from 250 to 300 feet in height, with the Capitol, in Washington, which is 287^ feet hij^. 






Plate CL 



A. Low Water Stage of Copper River 
With 'infrequent ice falls, lying on a gravel, bar at the base of Childs Glacier cliff . 




Showing thickening with advance of southern margin from October 15, 1909^ to August 17, 1910. Photograph by E, A. Hegg, from Photo Station I, 1909. 


Plate 



The Northern Margin of Childs Glacteb 

In. 1909 before the advance, with the 1910 position in inlc. Photograph from Photo Station B, June 20, 1909. 





Plate CLIII 



The Nobthekn Mahgin of Childs GlA-Otttr, dt 1910 

Shows amount of advance and thiVhfm'ng in fourteen months. The advance was nearly 1700 feet. Bight hand dot shows additional 
advance up to June 16, 1911. Mt. O’Neel in background. Photograph from Photo Station B. August 21, 1910. 


Plate CLIV 



Nine Maps op the Same Poetion of the Ahvajtcinq Fbont of Childs Glacier m 1910 
After surveys by railway engiiieers and the National Geographic Society. On each map the last previous ice front 

is shown by a li^t line. 
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NoBTHEaiN Mabgin of CHiiiDs Glaciek 

Advancing into mature forest in 1910. Photograph from Photo Station D, on railway bridge, August, 1910. 
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Plate CLVil 



The Miles Glaciee at Abercrombie Rapids 

The whole of the hiU across the river is imderlam by ice which shows here in three patches. It is overlain by ablation moraine bearing vegetation. Tlie huge 
bowlders on the other side of the rapids are a part of a heavy terminal moraine. Photograph, from the railway, by E. A. Hegg in 1909. 




Plate CLVIII 



A. Miles Glacier, on Left 

Holding Copper River in marginal channel of Abercrombie Rapids. Steep mountain wail on right. 

Photograph, 1909. 



B. A Portion of the Front of Miles Glacier 

Mt. Hawkins and Van Cleve Glacier in the background. Photograph, 1910, from Station C, on the railway 

bridge. 





The Valmtt Portion of Miles Glacier and the Terminal Ice Cuff from Station E, August 15, 1910 



The Copper River 

In its marginal ot.n„..Al with the -regetation-covered bulb of Miles Glacier on the right. August 10, 1910. From Photo Station N, the site occupied by 

Abercrombie in 1884. 


MILES AND GRINNELL GLACIERS 


417 


August they tried to cross it from the south but were turned back. Its northern por- 
tion extended clear across the main valley up to the west wall, while the southern part 
had retreated to form a small part of the present lake. Abercrombie vividly describes 
the rapids and says that the river was only 150 yards wide, running 10 or 15 miles an 
hour in midstream. Just below the rapids the river split into four large channels, down 
which the water rushed ‘*at a terrific rate of speed into a large basin formed by this 
monster glacier in days gone by.” Of Abercrombie’s two 1884 photographs, reproduced 
in Allen’s report,^ one shows the rapids and the ice clifiF of the southern portion somewhat 
as they vrere in 1910, though the ice cliff was further out; and it also shows almost the 
same distribution of lateral moraine on the northern side of the glacier as in 1910. 
The other shows not only that the northern portion of Miles Glacier extended across 
the valley more than £7 years ago but that it was even then stagnant, and mo- 
raine-covered, with vegetation growing upon it, and in process of being undermined by 
slumping, as in 1909 and 1910. 

When Allen ^ went up Copper River in April, 1885, he observed that west of Miles 
Glacier the river bed was 800 yards wide in contrast with its width of only 125 yards 
east of Childs Glacier and of 50 yards in Abercrombie Canyon. 

Alien ® recognized that the vegetation-covered hills between Childs Glacier and the 
southern margin of Miles Glacier, were morainic and associated with a former expansion 
•of these glaciers, indeed stating that the drift grades indistinguishably into the southern 
edge of Miles Glacier, as we observed it to do in 1909. 

When Hayes descended Copper River in August, 1891, he made a sketch map showing 
the specific conditions at Miles Glacier, which he also described as follows : ^ 

“A couple of days brought us down to Miles Glacier, where the river tumbles over 
a dam of huge moraine bowlders. It is necessary to make a portage here sometimes 
across both moraine and glacier. Crossing about two miles of moraine covered with 
a dense alder thicket, we came out upon a high ridge of freshly deposited bowlders. 
Immediately in front was a broad expansion of the river in front of the glacier, which 
formed an ice cliff along one side nearly four hundred feet in height. Bergs were almost 
constantly falling, with reports like thunder, dashing the spray high above the top 
of the cliff. The current of the river sets across the lake toward the front of the glacier, 
and where it meets the swell produced by a falling mass of ice the water is thrown into 
enormous breakers which, with the grinding icebergs, would swamp a boat instantly.” 

“Miles Glacier is quite comparable in size with those of the St. Elias region and is 
formed under essentially the same climatic conditions. It is evidently retreating at 
present, and the river spreads out in a lake-like expansion along its front in a part of 
the glacial channel from which the ice has receded. This expansion of the river is about 
3 , mile in width and one side is formed by the glacier front, a cliff of ice 350 feet above 
the water and over five miles in length. Although the ice no longer reaches entirely 
across the valley, there remains a heavy lateral moraine, indicating its former position 

1 Expedition to the Copper, Tanana, and Koyukuk Rivera, 1885, Washington, 1887, Hates 5 and 6; Narra- 
tives of Explorations in Alaska, Washington, 1900, opposite pp. 426 and 427. 

* Allen, H. T., E:q>edition to Copper, Tanana, and Koyukuk Rivers, Washington, 1887, p, 42, and Map 2; 
nlso in Narratives of Explorations in Alaska, Washington, 1900, pp. 424-6, 486-7. 

I Allen, H. T., Copper River, Alaska, Glacial Action, Science, Vol. Viil, 1886, pp. 146-146. 

* Hayes, C. W., Esq^loiation Through the Yukon District, Nat. Geog. Mag., Vol. IV, 1892, pp. 126, 164. 
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and back the river as akeady described. The fact that the river has cut only 

part way througji the moraine indicated a very recent recession of the glacier.” 

Although no reference is ni£^e to ice beneath the moraine^ there can be no doubt 
that it was there in 1891t as it was in 1909. 

Abercrombie revisited hliles Glacier and Abercrombie Rapids m October, 1898, four- 
teen years after his first visit, and states that "the glacier is very much emaciated, 
and the '*V>«»'nTip1g through which the water rushes are much wider. The current, while 
less violent, is stiU of such a character as to preclude any thought of navigation under 
any conditif*". Shooting the first and second rapids successfully the little party dropped 
down through the third and proceeded down the river past Childs Glacier. On the 



Fio. 61. Loiviib Fobtiok of MtTiTM Glacdsb in 1006. 

After XT. S. GeoL Survey. 

faces of both Childs and Miles glaciers I noticed a very marked change. Miles Glacier 
had receded toward Mt. St. Ehas some 5 or 6 miles. \^ere in 1884 the Copper washed 
the face of this glacier was now an immense lake.^ 

He further states that at the head of Abercrombie Rapids, Miles Glacier is ‘'covered 
with an immense amount of morainic matter and a dense growth of alders, which ef- 
fectively protect the glacier proper from inroads by the river.” What has since been 
named Abercrombie Canyon "has a canyon wall on the right side only. The left is 
formed by the encroachment of Miles Glacier.” The rapids are "known, respectively, 
as the first, second, third, and fourth rapids. When I first visited this canyon, in 1884, 
there was but one rapid, the first. On my return this season the emaciation of the 

1 Abercrombie, W. R., Reports of Explorations in the Territory of Alaska, 1898, War Dept., Adj.-Glen. Office, 
No. XXV, Washington, 1899, pp. 816, 320-822; Koehler, R. A-, Same, p. 431; Rafferty, J. J., Same, pp. 
440^0; also in Narratives of Explorations in Alaska, Washington, 1900. 
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glacier was very marked. To the left of the second rapid the river had cut out 
the bowlders and worn a huge hole in the glacier,^ some 50 or 60 acres in area, which is 
the entering wedge for the formation of a new channel. The face of Miles Glacier below 
the fourth rapid, has receded some 5 or 6 miles to the east, or back from the river, and 
during the months of June, July, and August, the falling of bergs cut out by the com- 
paratively warm river water from this glacier keep up a continual roar, as they fall off.” 

Corporal Koehler states that “during October tons and tons of ice broke off Miles 
Glacier which caused a noise like thunder and made the swells of the river almost reach 
the camp. In the morning the bay was found to be blocked by ice. Only to the ex- 
treme right was there an opening sufficient through which to navigate the boat.” Guide 
Rafferty indicates that Miles Glacier was much the same in July as in October, 1898. 

By October, 1900, the southern half of Miles Glacier seems to have retreated still 
farther, the ice cliff photographed by Schrader and Spencer and mapped by Wither- 
spoon bring farther back at least than in Hayes’ sketch map of 1891, and the lake being 
larger.^ This map does not represent as ice the stagnant northern portion of the glacier 
which causes Abercrombie Rapids, showing only a narrow distributary ice tongue north 
of the main glacier, doubtless where there was clear ice visible. Earlier observations 
prove that ice must have underlain this whole moraine-covered belt in 1900. A. C. 
Spencer has stated ® that marked recession of Miles Glacier took place between 1899 
and 1900. 

In August, 1905, the Miles Glacier was photographed by Webster Brown, and in 
October, 1907, by F. H. Moffit, of the U. S. Geological Survey. The photographs by 
Moffit show that one lobe of the ice front terminating in the lake retreated approxi- 
mately 1700 feet between 1900 and 1907, by comparison with the Schrader and Spencer 
photographs. 

Observations by the Railway Engineers, The railway and bridge engineers of the 
Copper River and Northwestern Railway surveyed their right of way west of Miles 
Glacier and built their great steel bridge and the railway between 1906 and 1910, map- 
ping the cliff of Miles Glacier, the lake and its outlet, and the Abercrombie Rapids. 
Their maps show marked enlargement of the lake between 1900 and 1908, with a slight 
recession on the south side of the glacier so that the middle projects in a pronounced 
point. A later map shows advance of the glacier and decrease in width of the lake. 

The railway engineers made soundings in the lake, measured the Velocity of the 
stream at the outlet of the lake, determined the rate of iceberg flow, bored through 
the glacial deposits near the bridge, kept a detailed meteorological record for three 
years, and made many general observations, from their camp between Childs and Miles 
Glaciers, where they were building the steel bridge across Copper River and operating 
a car ferry across the Miles Glacier lake in 1909 and 1910. Many excellent photo- 
graphs of Miles Glacier were also taken by individual engineers, and by E. A. Hegg, 
of Cordova. 

1 The Bearhole. 

* Geology and Mineral Resources of a Portion of the Copper River District, House Doc. 548, 56th Congress, 
2nd Session, Washington, 1600, FI. XlU B, and map, PI. H; also reproduced as FI. Xll, in Bull. 284, U. S. 
Geol. Survey, 1606. A later edition of Witherspoon*8 map of Miles Glacier, with alight modifications, in- 
cluding the widening of the lake through the retreat of the ice front, has also been published by the U, S. Geol. 
Survey, Bull. 874, 1609, PI. I. 

* In H. F. Reid’s Variations of Glaciers, Joum. Geol. Vol. IX, 1601, p. 253. 
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Observations by the National Oeographic Society^s Expeditions. Our own studies of 
Miles Glacier were made by both authors in August, 1909, and by the junior author in 
August and September, 1910, and in June, 1911. The first set of observations ^ was 
limited to parts of two days, while those in 1910 * occupied parts of two weeks, during 
which we made detailed studies and took many photographs, while Mr. Lewis made 
the topographic map reproduced as Map 9 (in pocket). The study of Miles Glacier in 
1911 occupied only a few days, dealing chiefly with conditions of former glaciation 
rather than with Miles Glacier itself. 

The MileSy a Bulb Glacier — General Conditions. Miles Glacier is an excellent example 
of a bulb glacier, a class intermediate between the valley glaciers and the piedmont 
glaciers. Miles Glacier is a bulb glacier which, on emerging from its mountain valley 
into the flatter grade of the broad Copper River valley, spreads out in a bulb or fan 
(Map 9). The valley glacier and the bulb will be discussed separately. 

The Valley Olacier. The valley glacier (Fig. 61) appears to be perfectly normal. 
It has severely crevassed white ice with rather broad lateral moraines in which the 
ice is little crevassed. Its mountain walls (Fig. 62) rise to heights of 2S00 to 4900 feet, 
with slopes at the rate of three to six thousand feet to the mile. The number of tributary 
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Natural Soale Cross-Section op Milbs Glacier in Its Mountain Valley. 


ice streams is unknown, but there are two pix>minent ones entering the main glacier from 
the south, four and nine miles respectively, from the terminus, and another large one 
coming in from the northeast ten miles from the end. This tributary ice tongue, Van 
Cleve Glacier,® is over a mile wide and enters the main glacier at an elevation of 1800 
feet above sea level. 

The surface of the main valley glacier slopes at the rate of less than 150 feet to the 
mile, but three miles from the terminus, the slope steepens to 173 feet per mile, and 
just before reaching the ice precipice, in the lake, the slope increases to 660 feet per 
mile, as if Miles Glacier valley had a hanging relationship to the main Copper River 
valley. 

The Ice Cliff, The portion of the ice front which discharges bergs into Miles Lake 
is essentially the terminus of the valley glacier (PL CLIX). The southern edge is 
exactly at the mouth of the valley, for this part of the glacier does not spread out beyond 

1 Tarr, R. S. and Martin, Lawrence, Nat. Geog. Mag., Vol. XXI, 1910, pp. lS-14, 23, 87. 

I Martin, Lawrrace, Nat. Geog. Mag,, Vol. XXTT, 1911, pp. 642-648; in H. F. Reid*a Variations of Glaciers 
for 1910, Jonm. Geol., Vol. XIX, 1011, p. 468; Zeitschrift fUr Gletscherkunde, Bond VI, 1911, p. 102; Master- 
ing the Alaskan Glacier Barriers, Scientific American Supplement, Vol. LXXI, 1911, pp. 806-807; Peter- 
manufl Geog. Mitteilungen, Jahrgang 1912, Septemberheft, Tafel 9. 

a Named in 1910, for J. R. Von Cleve, General Manager of the Copper River and Northwestern Railway. 
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the mountain valley; but the northern edge merges into the moraine-covered piedmont 
bulb. The ice cliflE is irregular, with great capes and coves, but it is not as high as the 
cliff of Childs Glacier. The form of the ice cliff has varied in detail throughout the 
period of observations and there have been several changes of moderate amount. 

The Bulb and the Marginal Channel The second or bulb portion of Miles Glacier 
is represented by the stagnant northern pari, and by the lake basin from which the 
bulb has melted away. The stagnant northern part of the bulb still extends clear across 
the valley, as it did at the time of the last great advance when Copper River was forced 
over into the marginal channel (PI. CLVIII, A) which it now occupies. This northern 
portion, which rises to a height of 4S0 feet above the lake, or 500 to 555 feet above sea 
level, is all covered with ablation moraine, on which is a continuous alder growth, 
except where, as the ice melts, slumping has undermined the vegetation and let the 
moraine slide off the ice. Many small patches of this nature opposite Abercrombie 
Rapids were seen by us in 1909-11 and some also show in the woodcut from Aber- 
crombie’s 1884 photograph. The river has been held in the marginal channel through 
lack of retreat of this portion of the glacier, which is of course much retarded by the 
mantle of ablation moraine and vegetation. Many enormous glacial bowlders skirt 
the river bank next the glacier, evidently helping to keep the river in its channel. 
At one point a cove, known locally as “The Bearhole,” wa^ formed in the glacier by 
slumping between 1884 and 1898. 

When the glacier melts completely out of Copper River valley the site of the rapids 
will be marked by an abandoned marginal channel, perhaps cut somewhat into the 
rock, perhaps with one side missing, where the ice-wall now rises. It is, however, pos- 
sible that in the meantime the river may so entrench itself in a rock gorge at Aber- 
crombie Rapids that it will be unable to regain the middle of the valley after the stag- 
nant northern part of the glacier melts away. It is not known how rapidly the river 
is cutting, but it flows with great velocity (PI, CLX), is heavily charged with sediment, 
and receives additional load from the rock and ice walls. At the foot of the rapids 
it has carried away all of the moraine Irft by the melting ice except a few of the 
largest bowlders. 

The stagnant northern portion of the bulb has remained in about the same condition 
from some time before 1884 to the present time. 

There are three quite different zones in the moraine-covered bulb which were studied 
in detail in 1910, and their relative areas represented on the map. The characteristics 
of these three parts are stated in the following paragraphs: 

Zone of Thickest Ablation Moraine. The western or outermost part of the bulb (Thick- 
est Ablation Moraine, Fig. 63) is deeply covered with ablation moraine, well seen in 
the portions facing Abercrombie Rapids (PI. CLX). This moraine supports a dense 
growth of vegetation (PL CLXI) with trees estimated to be about 50 years old, and 
with only scattered small areas where the underlying ice is revealed by slumping; but 
ice was still present in 1910, close to the bank of the Copper River at Abercrombie 
Rapids (PI. CL VII), and along the northern border of the bulb opposite Allen Glacier. 
Abercrombie’s photograph, taken 26 years before our visit, shows as dense a growth of 
vegetation on this portion of the bulb as at present. 

Zone of Thick Ablation Moraine. The second zone (PI. CLXV) is also deeply buried 
by morainic debris underlain by ice. Here the ice is inferred to be less thickly covered 
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than in the western zone, because it is revealed in more abundant sections and is 
slumping more continually, as is shown by the general absence of vegetation. The line 
between these two zones is a fairly shaip one in some places, with an east-facing 
blujS between the forested western zone of dense vegetation and the relatively-barren 
zone east of it. There are a very few scattered shrubs, mostly alders, which appear 
to be not over a year or two old, for the largest were only a foot or two in height, 
and the stems but a quarter of an inch to an inch in diameter, but those that we cut 
down had from 14 to 22 annual rings. The stunted condition may be due either (a) 
to the glacier wind and the coldness of the soil, or (b), as we consider more likely, to 
the shifting of the soil with slumping, as the ice underneath melts, killing or retarding 
the growth of the moss, grass, and shrubs. This process was actively in progress during 
our visit in 1910- 

In this zone, especially near the western edge, there were large depressions in the ice, 
with a depth of from 30 to 100 feet, often containing ponds. At their edges the mo- 
raine, which was 2 to 3 feet thick, was continually sliding down into the water, and 
the ice thus revealed (PL CLXII) was black with d6bris, clearly indicating the source 
of the material making up the ablation moraine. There were also a few long, narrow 
valleys without lakes, one of them 150 feet or more in depth, with steep walls of bare 
ice, suggesting the enlargement of a great crevasse. None of these valleys was con- 
tinuous for a great distance. Farther east there were many debris cones, rising 15 to 
25 feet above the general level, some of them made up of till with striated, subangular 
bowlders, and containing no ice. Many of these debris cones occur along lines, forming 
discontinuous ridges of distinctive rock, sometimes diflEering from the general rock mate- 
rial of the ablation moraine, sometimes composed of coarse stony material, rising 
slightly above the general level of an area of finer d6bris. These rows of debris 
cones are interpreted as the sites of former crevasses. 

Three pronounced ridges close to the Copper River, near the southern border of the 
zone of thick ablation moraine (near Photo. Sta. M, Map 9), were from 10 to 15 feet 
high, about 100 feet apart, and made up of very coarse, angular rocks. There wqs 
slumping in one of these between 1900, when Schrader took a photograph, and our 
visit in 1910, showing that this area is still underlain by ice. Whether these three ridges 
are crevasse deposits, or recessional moraines is uncertain. 

A narrow strip of moraine on the bank of Copper River and at the extreme south- 
western point of the area of thickest ablation moraine, does not seem to be slumping 
and may contain no ice at present. There are large ponds in it and it apparently has 
not changed at all between 1884 and 1910. 

The northern margin of the river and lake in the zone of thick ablation moraine is 
made up of (a) moderately steep clifiPs of ice from which the d6bris is sliding, (b) partly 
of sand deposited by the Copper River and made into a broad sloping beach by the 
iceberg waves and (c), in the part bordering the channel by which the main river enters 
the lake, of very coarse stream-roimded bowlders. 

Zone of Thin Ablation Moraine. In the third zone (Thin Ablation Moraine, Fig. 
63), the ablation moraine forms an exceedingly attenuated veneer in most places, and 
bears no vegetation whatsoever (PL CLXin). It is evidently an expanded extension 
of the northern lateral moraine of the valley glacier, and is separated from the barren 
zone of thick ablation moraine by a well-defined line, a low, west-facing cliff 5 or 10 
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feet high, vrith the zone of thin moraine standing distinctly higher than that of barren 
thick moraine. The eastern edge of this zone is at essentially the same level as the clean 
ice of the valley glacier. 

CaiLse for Moraine Zones. The separation of the northern portion of Miles Glacier 
bulb into three distinct zones calls for es:planation, for the condition is distinctly not 
that of gradation from zone to zone, but of sharp contrast (PL CLXTV). In the table 
below the significant facts are contrasted. 


Table Contrasting Conditions m the Three Zones op Ablation Moraine on 

Miles Glacier 


Zone 

Moraine Cover 

Slumping 

Vegetation 

Age of Trees 

Thickest moraine 
Thick moraine 
Thin moraine 

Several feet 

A few feet 

A few inches 

1 

Very little 

A great deal 
Rapid melting 

Continuous 

Scattered 

None 

50 to 76 years 

14 to 2a “ 


Fig. 63 is a cross-section showing the three zones graphically- The east-facing bluff 
at b, and the west-facing ice cliff at c, as well as the marked difference in ages of trees, 
are thought to be especially significant in connection with the problem as to the differ- 
ence of conditions in the forested zone (a-b, PL CLXIV), the relatively-barren zone 
(b-c), and the absolutely-barren zone (c-d). 

At c, along the contact of the zones of thick and thin moraine, an advance was in 
progress or was just ceasing in 1910. At the edge of the lake it was clearly still in prog- 
ress, for ice blocks were sliding down from an ice cliff which was not undercut by the 
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waves, and they lay in a heap on the beach. Back from the lake shore the snow of 
the winter of 1909-10 was folded up in front of the advancmg ice edge. While we could 
not be certain that advance was still taking place all along the low cliff on the line c-c 
(PL CLXV), it was certainly still in progress for a quarter of a mile or so from the lake 
shore. The ice in the zone of thin moraine had the appearance of being thrust- 
faulted forward over the ice in the zone of thick moraine. 

The explanation that naturally suggests itself is that an advance of Miles Glacier a 
few years before 1910 crevassed the ice in the zone of thin ablation so that the vegeta- 
tion which had previously straggled across into this belt was destroyed, while the grad- 
ually-thinning morainic cover was partly swallowed up in the crevasses. This advance, 
of which there is independent photographic evidence, began after 1908 and had ap- 
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parently almost ceased in 1910 along the northern portion of line c and was just 
dying out near the lake shore. Melting had nearly healed the crevasses (PI. CLXin)» 
and the removal of the upper layers of ice by ablation had left a thin layer of morainic 
debris upon the ice in the easternmost zone. 

If this explanation is correct, it naturally suggests the possibility of a similar expla- 
nation for the difference of moraine and vegetation m the middle and western zones^ 
whose sharp contrast on either side of the line b-b calls for a special explanation. There 
is independent evidence that Miles Glacier had an earlier and greater period of expan- 
sion. This evidence comes from the southern margin of Miles Glacier where there is 
moraine and outwash with two independent sets of vegetation 20 and 70 years old 
respectively. It is, therefore, thought that during an advance 22 years or more before 
1910 there was expansion of the northern bulb of Miles Glacier out to b. This resulted 
in crevassmg and destruction of the vegetation which had presumably grown in the 
zone of thick ablation moraine, similar to the breaking of the ice and destruction of 
the vegetation which in 1906 took place in a part of the piedmont bulb of Atrevida 
Glacier. Certain faint ridges in the zone of thickest moraine suggest the former presence 
of crescentic cracks, similar to those that developed in the outer part of the forested 
zone on Atrevida Glacier, outside the zone of complete destruction of the morainic 
mantle and its vegetation. The rapid slumping, the presence of many kettles with 
pools, the youthful vegetation, and the lack of gradation features at the border (b-b), 
all accord weU with this explanation. The difference between the bordering lines at 
b and c seems to be merely one of time. The uppermost portion of the middle zone 
still rises higher than the western zone, but at the border the relatively cleaner ice of 
the area of thick ablation moraine has melted down below the level of the very dirty, 
protected ice of the zone of thickest ablation moraine. In similar manner the west- 
facing cliff at c should, in time, be converted to an east-facing cliff, because of difference 
in rate of melting in the areas of thin and of thick moraine, unless continued advance 
in the zone of thin moraine makes up for the losses by ablation. 

Western Terminal Moraine. On the western bank of Copper River, between Grin- 
nell Glacier and the mouth of Chinaman Slough, east of the railway bridge, there is a 
terminal moraine which seems to mark the westernmost extension of the Miles Glacier 
bulb. 

Near Grmnell Glacier this terminal moraine forms a line of irregular hills extending 
nearly north and south between the railway and the northern part of Chinaman Slough 
(PI. CLXV). Mature cottonwood trees grow on this moraine, which is less than an 
eighth of a mile wide and 30 to 50 feet high. Southward the moraine disappears beneath 
outwash gravels, reappears west of the railway and crosses the track north of Mile 
Post 50, and again disappears near the southern part of Chinaman Slough. But from 
here on to the site of the north ferry slip on the lake shore, its position may be traced 
practically all the way by the great numbers of large bowlders, some of which are from 
10 to 12 feet in diameter. We believe that this belt of huge stones represents the resi- 
due of the terminal moraine after the river had washed away the clay, sand, and smaller 
bowlders. West of this moraine there are outwash gravels. 

The Lake Basin. The site of the southern half of Miles Glacier bulb, east of the 
terminal moraine just described, is occupied by the lake basin, and the contiguous 
narrow zone of ground moraine from which the ice has completely disappeared. This 
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represents an area in wliich the ice has been retreating rapidly in the period since 
before 1888, presumably because the valley glacier is not moving forward strongly, is 
not protected at the terminus by morainic d6bris, and is undercut by the water. The 
site of the lake may possibly be classed as analogous to the interior flat areas observed 
in other bulb glaciers. 

In 1910, the lake was from one to two miles wide, 3f miles long, and 150 to 300 feet 
deep (PI. CLXV). Since the low-water surface is 116 feet above tidewater, the bottom, 
therefore, descends to 184 feet below sea level (Fig. 64). So large a lake in the course 
of a heavily-loaded river, and particularly of a glacial stream like Copper River, is an 
unusual feature, for such sediment-laden rivers rapidly fill and destroy lakes. The 
presence of the lake is of itself clear evidence that the glacier has recently receded from 
the site of the lake basin. The great depth of the lake is evidence along the same line, 
for at the mouth of Copper River the deposits have built up a large delta extending 
out into the Pacific Ocean, and it is necessary to go over 20 miles offshore before a point 
in the ocean is reached with a depth as great as that of Miles Lake. 

Southern Terminal Moraine. South of the lake is a strip of valley bottom a quarter 
to a half mile wide which also represents parts of the former bulb of Miles Glacier. 
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This is proved by the crescentic terminal moraine which swings across the Copper 
River valley from the eastern valley wall a half mile south of Miles Glacier to the rail- 
way bridge at Miles Glacier station (PI. CLXV). This moraine is 70 to 90 feet higher 
than the outwash plain on the south and £0 to 30 feet higher than the area of groxmd 
moraine which separates it from the lake. One kame hill in this moraine rises to a 
height of 186 feet above the low-water surface of the lake. 

Most of the moraine is a series of discontinuous ridges forming a belt varying in 
width from 100 feet to a quarter mile, and with a general trend parallel to the former 
ice front. In the kettles between these ridges are a number of ponds. 

Ground Moraine and Detached Ice Mass. Between the terminal moraine and the 
lake is a parallel strip of ground moraine and one large, detached ice mass. The ground 
moraine is very irregular and has many deep kettles containing pools, and a rolling 
surface of low ridges, standing 60 to 100 feet higher than the outwash plain south of 
the moraine. It is made up of tUl and gravel, and, in large areas, of angular rocks of 
considerable size (PI. CLXVI), sometimes arranged in long lines of crevasse deposits. 

The edge of the detached ice mass south of Miles Glacier is buried beneath the out- 
wash gravels which mantle part of the ground moraine, and these gravels were slump- 
ing in 1910. The detached ice mass is riven by great crevasses, and one of these, 50 
to 90 feet deep, had morainic debris sliding down into it (PI. CLXVII, A) from the 
thick covering of ablation moraine resting on the ice. When the ice has completely 
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melted away, there will be a conspicuous ridge of rocky material of the sort interpreted 
elsewhere as crevasse deposits. 

Where the ground moraine forms the southern shore of the lake there are several 
capes and bays, and large valleys and kettles, apparently corresponding to former 
lobes in the ice edge. Here cliffs rise 40 or 50 feet above lake level, and the slope con- 
tinues steeply below water, as is shown by the fact that in one place 675 feet from the 
shore the lake is 150 feet deep, while in another place it is 45 feet deep 50 feet from shore, 
indicating that these are ice-contact slopes rather than wave-cut cliffs, though above 
lake level they have been somewhat modified by wave work. 

Oviwash Plain. The southern edge of the terminal moraine is fringed by a series of 
small alluvial fans of coarse gravel leading out of little ravines in the moraine. A few 
hundred feet from the moraine they merge into a smooth, gently-sloping outwash plain 
which extends southward and westward. This plain is trenched by scores of sub-parallel, 
southwest-trending, abandoned stream courses which form the only irregularities in the 
outwash plain, with the exception of two groups of hills of older moraine. 

The border between the moraine and the outwash plain is generally sharp, but in 
places the moraine is so low that only the natxire of the soil indicates the boundary. 
This is true for a short distance southeastward from the railway bridge where the till 
and large sub-angular bowlders of the moraine, in contrast with the assorted roimded 
gravel and smaller stones of the outwash plain, are more useful than the topography 
in mapping the moraine. 

Vegetation on Moraine and Outwash. The vegetation ha this southern area formerly 
occupied by the Miles Glacier bulb, covers the outwash plain, the terminal moraine, 
and part of the ground morame. On the outwash gravel plain there is a thick growth 
of cottonwood and dense underbrush, with trees a foot or two in diameter, the oldest 
one we found, a cottonwood, having 70 annual rings. In the abandoned stream chan- 
nels which extend across the outwash plain, there are no trees as old as those between 
the stream courses. The alluvial fans at the base of the terminal moraine are covered 
with moss and grass but have no mature forest like that on the outwash plain. 

The terminal morame is about as densely covered with vegetation as the outwash 
plain, but there are no cottonwoods. The woody plants are all alders and willows and 
they form such a complex network of close-set, inclined, interlacing trunks that travel 
through the thicket is very difficult. The plants are younger than those on the outwash 
plain, the oldest, whose age we determined, having 9>0 annual rings. 

In the belt of ground moraine the vegetation is progressively younger along a line 
from the terminal moraine along the lake shore, toward the ice edge the ages of the 
bushes decreasing from 19 to 5 years. Acres of moraine, too rocky for the rapid growth 
of bushes, were still absolutely barren in 1910, but wooded slopes extend out to the 
lake shore, and an alder with 19 annual rings was found within a quarter mile of the 
glacier. There were no shrubs near the retreating edge of the detached ice block, but 
some small shrubs were growing in the ablation morame upon its surface. 

Evidence of Two Stages. The <^erence in ages of trees on the moraine and on the 
outwash plain calls for a special explanation. It is impossible that the ice stood at 
the terminal moraine up to something over 20 years ago, while the vegetation upon the 
outwash plain was growing freely, for in that case the trees upon the outwaA plain 
should have been buried in gravels, uprooted, or killed by the water. 
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Jt accords well with the known histoiy of the northern portion of Miles Glacier bulb 
to infer that when the glacier advanced across the Copper River valley to the site of 
Abercrordbie Rapids, it also expanded southward to or near the site of the present 
terminal moraine, but probably not beyond it. This was at least 70 years ago (that is, 
before 1840), and it may well have been still earlier. In the southern section the ice 
has retreated from this stand, though it is still maintained in the zone of thickest abla- 
tion moraine in the northern portion of Miles Glacier at Abercrombie Rapids. The 
70 year old trees on the outwash gravel plain indicate a similar expansion at the same 
period in the southern area. 

A more recent advance, to be correlated with the one which extended across the 
zone of thick ablation moraine north of the lake, extended out to the present terminal 
moraine south of the lake, destroying any older moraines and vegetation between the 
lake and the moraine. After the terminal moraine was built the glacier again receded 
and vegetation sprang up on the surface. This was over 20 years ago, that is before 
1890. The 22 year old shrubs north of the lake show that it was before 1888, but 
whether it was before the visits of Abercrombie and Allen in 1884^85, is not certain. 
Hayes’ map made in 1891 and the 19 year old shrubs within a quarter mile of Miles 
Glacier, indicate that the retreat from this maximum was rapid, though it is to be 
noted that the single 19 year old bush may have had its start on the ice and have main- 
tained growth during the melting of the ice beneath the moraine in which it grew. 

The lack of destruction of all the older vegetation on the outwash plain suggests that 
the ice stood at the terminal moraine a very short time. The streams from the ice did 
destroy the vegetation in the border of the outwash plain, where the small alluvial fans 
form a rather barren fringe in front of the terminal moraine. They also cut swaths 
through the forest, now represented by the abandoned southwest-trending stream courses, 
in the bottoms of which we saw no 70 year old trees. These channels are cut so deeply 
below the general level of the plain that they suggest streams less heavily laden than those 
which deposited the outwash gravels. The channels are now overgrown with dense 
alder thickets, but we did not determine the ages of any of the shrubs in them. The 
absence of great numbers of dead cottonwoods standing in the stream courses seems to 
be due to the depth to which the channels were cut and the consequent removal of the 
tree trunks and roots; but some wood lies partly buried in these channels. 

Scattered through the undergrowth, in the interstream areas, where the 70 year old 
cottonwoods grow, are a very few dead trees, standing upright in place, and a great many 
recumbent logs, evidently left by floods at the time of the cutting of the channels. That 
all the trees were not killed is an evidence of the shortness of the period of stream invasion 
of this forest. The short distance which the ice front had tore treat before the water 
from its melting would be diverted through the deep lake basin and find an outlet into 
the present channel of Copper River, at or near the railway bridge, doubtless helps to 
explain the lack of further destruction of the vegetation on the outwash plain during 
this episode. 

An exceedingly detailed map of the portion of the moraine and outwash plain near 
Miles Glacier Station was made by the railway engineers. It has a contour interval of 
2 feet and shows numerous shallow kettles due to slumping of ice formerly buried beneath 
the outwash gravels at the edge of the moraine; and it also shows some of the abandoned 
stream channels leading southwestward toward the Copper River. A conspicuous 
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abandoned channel of this series heads in the air just west of Miles Glacier station, prov* 
ing that the Copper River has undercut its south bank since this small stream channel 
was abandoned. 

History of Oscillations of Miles Glacier — Advance Before I 8 J 1 .O. Passing over the early 
stage when Miles Glacier was a tributary of a great Copper River Glacier, and the 
legendary stage when Miles and Childs Glaciers are supposed to have coalesced, with 
Copper River flowing underneath, the first stage of which we have knowledge is the ex- 
pansion to the bulb glacier condition some time before 1840. It is quite possible that thia 
expansion was preceded by one of shrinkage of Miles Glacier back within its mountain 
valley, and that it expanded into a trunk valley which was free from ice. The asymme- 
trical shape of the bulb suggests that Childs Glacier also had an expanded bulb, for 
the Miles bulb spread 2^ miles up the main valley and, so far as we know, only a fifth as 
far down Copper River valley, forming a striking contrast with the far more symmet- 
rical bulb of Allen Glacier (Map 9). 

We know nothing specific as to the date of this expansion to the present bulb form 
excepting that (a) Abercrombie's photographs prove that it took place before 1884, 
(b) Grewingk’s description (p. 416) suggests that it took place long enough before 1859 
for vegetation to grow on the ice, and (c) the age of trees growing on the outwash plain 
pushes the date back to some time previous to 1840. It may have been much earlier. 

Slight Recession During the Eighties. Maintenance of an advanced position rather 
than pronounced recession is the impressive feature of the history of Miles Glacier during 
the time of the visits by Abercrombie and Allen. The northern portion of Miles Glacier 
bulb has retreated practically none in over 70 years; and the southern portion also main- 
tained its advanced position for a time, the site of the lake basin being largely filled with 
glacier ice until very recently. 

Abercrombie's mention of a lake basin shows that there had been some recession of 
the southern part of the glacier by 1884, and one of his photographs,^ taken from a point 
on the western terminal moraine of Miles Glacier, south of Grinnell Glacier, proves that 
the ice cliff had retreated to the point where the largest channel of Copper River now 
enters the lake. This position of the ice front represents over a mile of eastward reces- 
sion from the expanded edge of the bulb at the southern end of Abercrombie Rapids. 
The great waves in the stream in the foreground of the same photograph show that a 
main channel of Copper River flowed down Chinaman Slough as recently as 1884. That 
the southern margin of Miles Glacier was not severely crevassed is indicated by the fact 
that Abercrombie traveled 8 miles upon its surface in August, 1884, being turned back 
by the crevasses in the middle of the glacier after traveling up its southern border. 

In 1885 the front of Miles Glacier still filled the greater part of the present lake basin, 
as is indicated by Allen's descriptions, one of which includes the specific statement * that 
^*the most southerly point of the . (Miles Glacier) is 1 mile or less from the 

most northerly point of the . (Childs Glacier).” 

It is clear, therefore, that while there was slight recession of the southern portion of the 
Miles Glacier bulb during the eighties, it did not imcover a significant part of the present 
lake basin. A comparison of Abercrombie’s 1884 photograph of the northern portion of 
the bulb with our photograph from the same site shows practically no change in the 26 

1 Reproduced by H. T. Allen in Narratives of Explorations in Alaska, Washington, 1900, picture faring p. 426. 

* Allen, H. T., in Narratives of Explorations in Alaska, Washington, 1900, p. 486. 
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years up to 1910, a remarkable maintenance of a stagnant ice mass due to tbe protective 
influence of ablation moraine and vegetation. 

Advance Before 1888, The ages of trees on the southern terminal moraine and in the 
zone of thick ablation moraine on the northern lobe make it clear that at some time over 
22 years before 1910, there was a period of advance, breaking up the ice on the northern 
bulb to within three quarters of a mile of Abercrombie Rapids and building the southern 
terminal moraine. That this took place after 1884 and 1885 is suggested by Aber- 
crombie’s photograph and Allen’s map which, though generalized, shows no south- 
ward extension of the bulb. This expansion of the southern margin to within 400 feet 
of the site of the railway bridge clearly came after 1885 and before 1888, and may have 
begun in the former year, for Allen’s map shows the glacier nearly out to the bridge site. 
If this advance occurred in 1885 or 1886, it was exceptionally rapid, since in 1884, Aber- 
crombie was able to travel up the southern margin of the glacier, and in April, 1885, Allen 
noted that the drift graded indistinguishably into the ice of the southern edge of the 
glacier. 

Recession Up to 1908, A general retreat began by at least 1888 and had progressed 
so far that the lake was about a mile wide at the time of Hayes’ visit in 1891. 

The 5 or 6 mile retreat mentioned by Abercrombie on his second visit to Miles Glacier 
in 1898 is probably an exaggeration, for his map does not indicate that the lake was over 
a mile wide. This map does not show the details as well as Hayes’ map and may repre- 
sent the condition in 1884 rather than that in 1898. There was doubtless marked retreat, 
however, by 1898. 

By 1900, when Schrader and Spencer each photographed the ice front on different 
dates in October, and Witherspoon made his map, the retreat of the ice cliff had been 
considerable. A careful comparison of the 1900 photographs with the conditions in 1910 
indicated that the ice front had then receded so far that the lake had assumed nearly its 
present width, that is, different parts of the glacier front had retreated from Ij to 2 miles 
from the western terminal moraine of the southern part of the bulb. 

From 1900 to 1907, when Moffit visited Miles Glacier, retreat went on rapidly, different 
portions of the ice cliff melting back 1700 to 3900 feet during the 7 years interval. This 
recession was carefully determined in 1910 in two ways. Krst, we occupied the photo- 
graphic stations of Schrader and of Moffit with their photographs in hand and made 
instrumental observations of the amount of recession, by projecting the glacier termini 
against the moimtain wall behind. This retreat is shown graphically on the photograph 
(PI. CLXVni), bemg marked on the lobe which retreated 1700 feet. The second 
method of determination was by comparing maps made in 1900 by the Geological Sur- 
vey and in 1906 by the railway engineers, based on surveys in 1905 and 1906. These 
maps show that while the lobe mentioned above was retreating 1700 feet during the 6 
years from 1900 to 1906, another lobe, farther south, receded nearly 8900 feet. The 
larger part of the retreat was between 1905 and 1906. 

That there was additional recession of 1620 feet between 1906 and 1908 is shown by 
another map of the railway engineers. The position of the ice cliff at this stage is shown 
in a photograph by E. A. Hegg, from the western terminal moraine. 

Advance in 1909 and 1910, The change from retreat to advance came in 1909 and 1910 
when there was a forward movement of over 4000 feet along one of the lobes. This was 
determined with some precision, for the railway engineers mapped the whole lake front 
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of the glacier in 1908 and again in June, 1910. On one photograph of the 1910 ice cliff 
from Schrader’s site, we have indicated by an ink line the amount of advance between 
1907 and 1910. This, however, shows only the lobe which retreated 1700 feet between 
1900 and 1907, for the lobe which advanced 4000 feet is not seen in the picture because 
it is hidden behind the nearer lobe, having retreated farther before the recent advance. 

There was slight additional advance of the ice cliff in the lake during the time of our 
visit in the summer of 1910, when between June and August the advance amounted to 
100 feet. The southern glacier margin was crevassed and advancing in August, 1910^ 
and the northern margin, which was also advancing in August, 1910, showed an appre- 
ciable forward movement between the times we photographed it in 1909 and 1910. 

The retreat from 1888 to 1908 and the subsequent advance are summarized in the 
following table. The possible error in any given map would modify these amounts only 
slightly. 


Table Showing Amounts of the Most Recent Retreat and 
Advance of Miles Glacier 


Date 

Distance Jrom Site 
of Railway Bridge 
to Ice Cliff 

Change 

in 

Glacier 

Amount 

Based upon Observa- 
tions by 

After 1885 and be- 
fore 1888 

400 feet 

Advance 


Henry T. Allen ^ 

October, 

1900 

7,900 feet 

Retreat 

7,600 feet 

D. C. Witherspoon 

FaU, 

1905 

8, £50 feet 

Retreat 

350 feet 

Railway engineers 

Summer, 

1906 

11,880 feet 

Retreat 

8,630 feet 

if cc 

Summer, 

1908 

13,500 feet 

Retreat 

1,620 feet 

<( (C 

June, 

1910 

9,500 feet 

Advance 

4,000 feet 

^ <4 (C 

August, 

1910 

9,400 feet 

Advance 

100 feet 

Martin 


During the advance in 1909 and 1910 the form of the ice cliff changed in detail (Fig. 
65), though it is reported that twice as many icebergs were discharged in 1908, when the^ 
glacier was retreating, as in 1909, when it advanced.* One remarkable feature was 
the shifting of position of the salient ice point. There were also pronounced changes in 
the capes and coves of the ice cliff between Jime and August, 1910. 

The most striking change was the detaching of huge masses from the glacier, one near 
the northern, the other near the southern margin of the ice cliff. These were not icebergs 
but large areas of the glacier itself, and their separation from a glacier which was ad- 
vancing rather than retreating was an unusual circumstance. 

About the middle of July, 1909, a section of Miles Glacier at least half a mile square, 
became separated and is said to have floated out into the lake, where the mass collapsed 
and broke up into icebergs which completely filled the lake. This was near the nor^em. 
end of the ice cliff. It took place before our visit in 1909 and we have this information. 

^ Date 1885 from Allen. Date 1888 from ages of trees as determined in 1910. 

> Based on a count by A. 0. Johnson at the railway bridge. 
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from Mr. A. O. Jolinsoii.^ In 1910 the gap made by this ice mass was still visible and 
near it there was a broad valley upon the glacier surface and this part of the ice cliff sloped 



gradually to a 10 to 15 foot cliff at the water’s edge instead of forming a precipitous 
terminus 200 feet high. 

The cause of this change seems to go back to the winter of 1909, when there was a 
flood (February 9 to 18), during which Copper River rose 7 feet higher than any previous 
1 Personal communication, February 12, 1910. 
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record, the level going up over 21 feet above normal winter level, and falling rapidly 
again. Johnson states that the water came from beneath Miles Glacier at the point 
where the ice mass floated out 5 months later, and that “from the time of the break the 
river continued to rise for four days, was stationary one day, and then receded at about 
the same rapidity as the rise. The river at the bridge crossing . (before this 

flood) had a cross-section area of about ten thousand square feet and an average 
velocity of two miles per hour, but during the highest stage of the river the cross-section 
area was about forty thousand square feet, and average velocity ten miles per 
hour. . . Considerable ice fell from the face of the glacier at the point of the 

break during the flow, but not until the middle of July did any great amount break 
away — at which time a section at least one half mile square, caved, floated out and 
completely filled the lake, which covers approximately five square miles.” 

The climatic record kept by the railway engineers at Miles Glacier bridge, shows no 
rainfall at or before the time of the flood and only the normal increase of snowfall for that 
season of the year. There were fluctuations in temperature before the flood began on 
February 9, but from the middle of December until two weeks after the flood the maxi- 
mum temperature was not above the freezing point. The wind velocity did not increase 
abnormally immediately before the flood, though on the day when the water was highest 
the wind blew 48 to 84 miles an hour from the northeast. A high northeast wind in 
summer would drive the water from the place where the break occurred to the outlet of 
the lake but it could not have caused the initiation of the flood in February, for the lake 
was then frozen over, and the flood could not have kept up unless water was supplied 
from outside. The meteorological conditions, therefore, seem to have had little, if any- 
thing, to do with the flood. 

Our own view of the detaching of the ice mass in 1909 is that it was not necessarily 
related to the advance or retreat of the glacier at all, but to undermining during the Feb- 
ruary flood which may have been caused by the draining of a marginal lake higher up 
Miles Glacier. A similar flood on August 16, 1912, perhaps from the draining of a 
marginal lake, swept down the Copper River from Miles Glacier. It raised the water 
level 12 feet at the railway bridge east of Childs Glacier and, 20 miles farther south, 
swept away 1600 feet of railway trestle east of Flag Point, drowning a repair crew 
foreman. 

A second event of similar character occurred during the summer of 1910. At the time 
of our visit in 1909 and up to June, 1910, there was a stagnant, projecting edge of Miles 
Glacier which clung to the mountain side at the southern end of the ice cliff and merged 
into the glacial deposits there. Sometime between June 10 and August 15, 1910, a sec- 
tion of the glacier, measuring over an eighth of a mile on each side, floated away, leaving 
the outer stagnant ice as a detached block, 800 by 1200 feet, and extending up the moun- 
tain slope to a height of 175 to 200 feet above the lake. The whole of this stagnant block 
was thickly covered with ablation moraine, and it was riven by great cracks. To the 
southward it merged into slumping gravel deposits. Since the southern ice edge was 
stfll advancing after this separation took place, one possible method by which the separa- 
tion may have been effected is the shove of the advancing glacier against the stagnant 
border which was clinging to the mountain side, thus placing a portion of it in such xm- 
stable equilibrium that it broke up. 

In June, 1911, Miles Glacier showed no appreciable changes since the previous year. 
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there is also a possibility of a southward shifting of the river bed, necessitating the 
building of another steel span. 

From the point of view of tourists, who will undoubtedly make increasing use of the 
Copper River railway in the future, the location is ideal, for with no attendant danger 
or hardship, they can be carried by train almost up to the fronts of two very grand and 
active glaciers, both clearly visible from the train windows. 

Gbennell Gla-Cibr 

General Description, This ice tongue is on the western side of Copper River about 
half way between Childs and Allen Glaciers, terminating opposite the edge of Miles 
Glacier at the southern end of Abercrombie Rapids. It rises in unexplored snowfields 
at an elevation of at least 6000 or 6000 feet (PI. QLXIX) and flows southeastward, 
with a known length of something more than 4 nules. It is over three quarters of a 
mile wide and has a moderately steep slope. The surface of the glacier is all white, ex- 
cept for a broad lateral moraine on the southern border, a narrow medial moraine near 
the northern side, and an extensive area of outwash gravel and ablation moraine cov- 
ering the terminus (PL CLXV). 

The real terminus of Grinnell Glacier is in the Copper River (Map 9), at the lower end 
of Abercrombie Rapids, just south of Camp 62 on the Copper River and Northwestern 
Railway. The railway runs over the end of the glacier for nearly a quarter of a mile, 
but the terminal hill is so thickly covered with ablation moraine, on which dense thick- 
ets of alder and cottonwood have grown, that this portion of the ice tongue does not 
look like a glacier. 

The southern portion of the glacier, terminating less than a quarter mile west of the 
railway, is also heavily covered with ablation moraine and forest, which grades north- 
westward to a barren region of thinner, ablation moraine and to clear ice without morainic 
covering. 

The northern terminus of the clear ice, which seems to be the glacier terminus, but is 
not, ends a little over half a mile northwest of Camp 62, on the railway. From it a stream 
flows through the interior flat and through a narrow gorge between the high outer portion 
of the glacier and the mountain side, to Copper River. Another stream, emerging from 
the southern part of the glacier near a conspicuous, bare rock slope, from which the ice 
is completely melted, flows southeastward over a mile to the Copper River. 

Prevums Observations, This glacier was mapped by Hayes in 1891 ^ and Witherspoon in 
1900,* when it was also photographed by Spencer from the Miles Glacier portage. It 
was photographed by Moffit in 1907 from near the same site as that occupied by Spencer, 
and was shown upon a later edition (Fig. 68) of Witherspoon’s map.® Witherspoon’s 
original map (Fig, 68) shows the glacier more accurately than the later edition in which 
the forest-covered terminus of the glacier is omitted. Hayes’ map is more like the later 
edition of Witherspoon’s but it has the name moraine printed between the glacier 

1 Unpublished map. 

* PI, n, facmg p. 28, in Schrader and Spencer’s Geology and Mineral Resources oi a Portion of the Copper 
Hiver Region, Alaska, House Doc. 546, 56th Congress, 2nd Session, Wadiington, 1901. 

• PI. I in Bull, 874, U. S. Ged. Snrv^, 1009. 
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terminus and the river, though without suggestion whether this moraine was underlain 
by ice or not. Hayes does not mention this glacier in the text. 

Both Spencer’s and Moffit’s photographs show clearly that the stagnant outer portion 
had almost exactly the same relationships in 1900 and 1907 that they had in 1910. In 
1906 and ensuing years incidental observations of Grinnell Glacier were made by the 
railway engineers, who named this ice tongue. In 1909 two important photographs 
of Grinnell Glacier were taken by E. A. Hegg of Cordova. 

In 1909 we saw Grinnell Glacier in passing, but gave no time to its study. In August, 
1910, and in June, 1911, four days were devoted by the junior author to its examination. 

Cascading Ice Tongue. The snowfields of Grinnell Glacier are not visible from its 
lower portion, but the abrupt topography suggests that they occupy a series of deep 
glacial cirques. There are at least three important tributaries. The clear ice terminates 
in two minor lobes. Most of the clear ice portion of the glacier that we have seen, phcn 
tographed, or mapped, is cascading down a moderate slope and is severely crevassed. 
The highest point on the glacier whose elevation we determined is 2000 feet above sea 
level or 1500 feet above the terminus of the clear ice, the slope here being at the rate of 
nearly 2000 feet to the mile. Higher portions of the ice tongue near the snowfield have 
even steeper slopes, but in an intermediate portion above the 2000 foot contour the grade 
of the glacier flattens somewhat. This cascading terminus is interrupted as the result 
of a discordance of over 2000 feet between the grades of Grinnell and Copper River valleys. 
The glacier still occupies its hanging valley and expands slightly in the moraine-covered 
terminus at its base. The thiimess of the ice on the hanging valley lip is shown by the 
bare rock slope between the northern and southern lobes. 

The mountain valley occupied by the glacier is exceptionally steep-sided, and also 
those of two detached tributary glaciers on the northern wall. These hanging glaciers 
now terminate 2300 and 3200 feet above sea level and their slopes are over 2800 feet to 
the mile. Just east of these hanging glaciers the northern valley wall slopes at the rate 
of over 6300 feet to the mile but the southern wall is not so steep. 

Stagnant Southern Lobe. The southern lobe of the clear ice grades eastward through a 
zone of barren, thin, ablation moraine to a zone of thick ablation moraine, which mantles 
the ice so completely that it supports vegetation which entirely covers the surface. The 
end of the lobe does not look at all like a glacier and would not be known to be underlain 
by ice were it not for occasional slumping of the surface in the forested zone, and the 
exposed northwest-facing slope of black ice, studded with bowlders, in the zone of barren 
moraine. 

Forested HUl at Terminus. Grinnell Glacier terminates in a forested hill (Fig. 67), 
which we believe to be wholly composed of ice. This belief is based upon the fact that 
here and there in this outer portion are areas of slumping where trees are being over- 
turned. In several places, a whole steep slope has lost all its vegetation by the slumping 
attendant upon melting of the ice beneath. The cliff facing the edge of the interior 
flat at a number of points shows dark ice, filled with bowlders. At one locality near 
the northern edge the thickness of the ice revealed is 30 to 35 feet, above which are 
about 2 or 3 feet of morainic material in which shrubs are growing (PI. GLXVII, B). 
Throughout the terminal hill of moraine-covered ice there are a great many areas of 
recent slumping and of emergence of water. The shrubs growing on the high outer 
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portion of the glacier cover the whole surface thickly, except in areas of slumping. They 
include alders at least 18 years of age. 

The terminal hiil rises frojm the water^s edge in Copper River in a steep slope, west of 
which there is a long gradual ascent to an elevation of about 400 feet and a steep descent 
over a westward-facing cliff to the interior flat. 

Much of the morainic material covering the ice of the terminal hill is angular and the 
bowlders are exceptionally large- They include many rock masses 12 to 20 feet on 
a side. Some of these huge rock masses in the railway cut on the eastern edge of the 
glacier are so large that they lead to the impression that they are rock ledges in place. 
This is not the case, however, as was ascertained by careful study in 1910. None of 
the other glaciers of the lower Copper River are encumbered with such large d6bris, 
except the western terminus of Miles Glacier at Abercrombie Rapids. This may 
possibly be explained by the exceedingly steep walls of the valley of Grinnell Glacier, 
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upon which avalanches should be prevalent. As such coarse material is not found in 
the present lateral moraines of the cascading portion of Grinnell Glacier, however, it may 
be that the coarse angular debris was avalanched down upon the Grinnell Glacier during 
some great earthquake in the past and carried forward to the terminal bulb in the sub- 
sequent advance of the glacier. 

The Intericyr Flat. Between the terminal hill and the cascading portion of Grinnell 
Glacier is an interior flat (PI. CLXIX) between a quarter and a half mile square. Its 
surface is covered with ablation moraine and outwash gravel, overlying the ice, which 
is nowhere exposed. As Fig. 67 shows, the expanded part of Grinnell Glacier may 
possibly constitute a detached ice block, although it seems more likely that the ice is 
continuous beneath the ablation moraine and outwash, for areas of slumping are found 
here and there between the terminal bill and the clean ice of the cascading portion of the 
glacier. 

The interior flat consists 6f three different portions. In the middle is a broad, low 
ridge of irregular ablation moraine. On each side of this are alluvial fans of outwash 
gravels. 

The medial ridge rises 60 to 100 feet above the flanking alluvial fans. Its surface is 
made up of angular ablation moraine; the bowlders being decidedly smaller than in the 
terminal hill. The water which oozes out here and there shows that ice underlies the 
moraine at no great depth. Compared with the terminal hiU this portion of the interior 
flat is comparatively barren, but small scattered shrubs are growing upon different por- 
tions of the surface. None of them are as old as those on the terminal hill. 

North of this medial ridge is a detached ice block, which hes upon the northern valley 
wall. It is separated from the medial ridge by outwash gravels. Its surface is completely 
mantled by ablation moraine upon which a few small shrubs are growing. 
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The remainder of the interior flat is mantled with outwash gravels supplied by three 
main glacial streams^ one north and one south of the medial ridge and one between 
which flows into a subglacial channel beneath the ice of the terminal hill. These 
gravel surfaces are almost entirely barren. Practically all of the northern area of outwash 
is within the interior flat, although the stream cuts through the terminal hill in a narrow, 
steep-sided gorge which ends at Camp 52 on the railway. The southern and larger 
area of outwash gravels also extends outside the interior flat and is continuous with a 
large alluvial fan southeast of the glacier. This stream emerges from the interior flat 
in a constriction between the terminal hill and the stagnant southern lobe of the glacier. 
These outwash gravel fans slope at the rate of 400 to 900 feet to the mile. 

Recent History of Orinnell Glacier. The first stage in the recent history of Grinnell 
Glacier of which record is preserved is a time of sufficient expansion so that lateral mo- 
raine terraces were built on the valley sides several hundred feet above the present glacier. 
With this augmented thickness the glacier would naturally have extended slightly farther 
into the Copper River valley than at present. Whether it then was a tributary of the 
trunk glacier of the Copper River valley or merely touched the distal portion of the more 
powerful Miles Glacier cannot be determined. The relationships of the stagnant mo- 
raine-covered termini of Griimell and Miles Glaciers (PI. CLXV), make it clear that at 
some stage in the last period of great expansion these ice tongues, whose termini are still 
within 500 feet of each other, must have coalesced, the Copper River flowing beneath the 
ice or else maintaining a channel between the two ice tongues. This latter would be 
possible if the advances of Grinnell and Miles Glaciers were not synchronous, but the 
density and age of the vegetation on the two termini suggest that they were. 

From 1891 to 1907 the Grinnell Glacier is not known to have changed appreciably. 
The photographs by Spencer and Moffit show no marked differences from the glacier of 

1910. In 1900 there was a forested terminal hill and an interior flat. The age of trees 
on the terminal hill suggests that the last great expansion may have come shortly before 
1892 but the observations of Hayes in 1891 and of Abercrombie and Allen in 1884 and 
1885 furnish no details as to the previous conditions. 

Mr. E, C. Hawkins informs us that in the autumn of 1907 there were great slides of 
morainic material from the terminal hill of Grinnell Glacier near Camp 52 and that a new 
stream appeared at that time. 

A slight advance has been in progress from some time before 1907. This affects 
only the terminus of the cascading portion of the glacier. A comparison of the photo- 
graph by Spencer in 1900 with one by Moffit in 1907 indicates that a small area of 
the slope of bare rock in the middle of the cascading terminus was covered by the ice 
between 1900 and 1907. This advance may have continued ever since, or it may have 
ceased and a new period of advance started, for there was distinct minor advance from 
1909 to 1911. Comparison of a 1909 photograph by E. A. Hegg, with the glacier ter- 
minus of 1910 showed marked advance. This continued at least up to June, 1911. It 
seemed to be at a very slow rate and in the two years of our own observations did not 
exceed one or two hxmdred feet. That there has been distinct forward movement and 
that it was in progress at the times of our visits was certain. In 1910 willows and alders 
up to 8 years of age were being overwhelmed by the advance of the ice margin. In June, 

1911, the continuation of forward movement during the previous winter was shown by a 
series of snow arches, pushed up parallel to the edge of the glacier, and by the fact that. 



438 


ALASKAN GLACIER STUDIES 


where the snow had melted away, the advancing ice was overriding young shrubs which 
had budded in the season of 1911. There seemed to be no tendency to break up the 
buried ice in the interior flat. 

At the glacier margin a low terminal moraine was being pushed along in front of the 
glacier, the slope of which at the end is 30° to 35°, That the forward movement was 
exceedingly slow was shown by the fact that this terminal moraine did not have the 
shape of a push moraine, as at Columbia Glacier, but resembled a talus. This was b^ 
cause a very small amount of outwash gravel was being ploughed up by the slowly- 
advancing ice compared with the larger amount of moraine which was sliding down from 
the surface of the glacier. The ice front was moderately crevassed, but the ice was rather 
dirty, basal ice with much detritus, which was being released by melting so that it 
was continually sliding down the ice front to the talus moraine. In places numerous ice 
blocks from crevassed pinnacles had rolled down the frontal slope of the glacier and lay 
on and in front of the terminal moraine. 

Relation of Olacier to Railway. The advance of Grinnell Glacier, in 1910-1911, and 
possiblylOl^, might conceivably block the Copper River and Northwestern Railway, if 
the movement should continue long enough to break up the stagnant outer ice mass 
of the forested terminal hill and cause it to become crevassed, even if the glacier did not 
advance further into the river. This would make it impossible to operate the upper 
150 miles of the railroad, for the small Grinnell Glacier, located at the lower end of 
Abercrombie Rapids, holds the key to the railroad situation from this point north- 
ward, particularly as the eastern bank of the Copper River in this portion (PI. CLXV) 
is also a glacier, over which the building of a railroad would be very difficult' and would 
involve at least two expensive bridges. The Grinnell Glacier is small, however, and 
the interior flat of moderate size, so that it would take a rather strong advance to 
disturb conditions in the outer part of the glacier where the railway crosses it and 
where practically all the ice seems to have melted out from beneath the present railway 
grade, though present a score or so of feet from it. 
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ALLEN GLACIER AND OTHER ICE TONGUES OF THE COPPER RIVER 

CANYON 

The Canyon and Its Glaciers 

The canyon by which the Copper River crosses the Chugach Range has a length of 
100 miles. Two-thirds of this is north of Allen Glacier. In this portion its width varies 
from one to three miles. The valley walls rise to heights of 5000 to 7000 feet. Two 
large rivers join the Copper about half way through this canyon section, Bremner River 
coming in from the east and Tasnuna River from the west. These tributary valleys are 
of greater width than the trunk valley, but Copper River is of much greater volume than 
either of its affluents. In the Copper River valley south of the Bremner and Tasnuna 
rivers are Allen, Heney and several smaller glaciers. North of them the valley walls 
have a number of much smaller ice tongues. Allen Glacier, the first to be described in 
this chapter (Fig. 68), is immediately north of and close to Miles Glacier (Map 9, in 
pocket). 

Allen Glacier 

Name of Glacier, _ No name was given this glacier by any of the Russian explorers or 
by Allen, who recognized it as an ice tongue in 1886, but who named the portion of Cop- 
per River directly east of it Baird Canyon.^ Hayes applied no name to the glacier in 
1891, nor did Abercrombie in 1898, and it does not appear on the 1898 map by Mahlo. 
In 1900 Witherspoon applied the same name to it as the canyon,® and we have used 
his map and this name in our preliminary description.® There are three other Baird 
Glaciers in Alaska, however, one on White Pass, named by Schwatka in 1883 two years 
before Allen named Baird Canyon, the second in southeastern Alaska on Frederick 
Sound, named by Thomas in 1887, and the third east of Valdez, named by Schrader in 
1898. A new name has, therefore, been declared necessary by the U. S. Geographic 
Board. It is proposed to use AUen,^ after the intrepid explorer who was one of the first 
to visit it, at the time of his wonderful journey across Alaska in 1885. 

General Descri'piion, Allen Glacier comes from unexplored snowfields in the Chugach 
Mountains west of Copper River, having a known length of over 6 miles, although un- 
doubtedly it is longer, probably at least 16 or 20 miles in all. Its valley portion is a mile 
and three quarters wide. It has clear ice in its valley and there are few moraines on its 
surface. It flows eastward into the Copper River valley, expanding into a bulb five miles 

A Expedition to the Copper, Tanana, and Koyukuk Rivera, Washington, 1887, Map 2; Narratives of Explo- 
rations in Alaska, Washington, 1900, map facing p. 434. 

> House boc. 546, 56th Congress, 2nd Session, 1900, PI. 11; Bull. 874, U. S. Geol. Survey, 1909, FI. I. 

> Tarr, R. S. and Martin, Lawrence, Nat. Geog. Mag., Vol. xxi , 1910, map on p. 25. 

* This is Major Henry T. Allen, 8th Cavalry, United States Army. 
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wide in a north-south direction (PI. CLXXIV), and spreading eastward completely 
across the valley, a distance of over three and a halt miles. By this expanded glacier 
biilb Copper River is forced over against the eastern wall of the vaUey, just as it is forced 
to the western wall immediately below by the ice bulb of Miles Glacier. Opposite the end 
of the expanded glacier the stream is narrowed (Baird Canyon) and the current quickened, 
although there are no true rapids, and steamboats navigated this part of Copper River 
in 1909. The central part of the bulb is made up of clear ice and is lower than the eastern 





Pig. 68, Aihes Glacier and Its Rblationshtps to the Adjaoxint Ice Tongues. 


^ (After D. C, Witherspoon, tJ. S. GeoL Survey; the map first made in 1900 and republished with modifica- 
tions m 1906.) 

part, which is moraine-covered and clothed with vegetation. Copper River sweeps 
around the entire eastern and southern peripheries of the glacier, but on the northern 
side there is a large alluvial fan and a smaller one on the south side, separating the river 
and glacier. A rocky hill 600 feet high, rises out of the northern fan, and above it the 
river is broadened into a lake-like expanse. 

ObservatioTis Previous to 1909. The Russians do not seem to have recognized this as 
a glacier, unless Grewingk also alludes to it as the “ice covered with earth, ” thought by 
us to refer to Miles Glacier. Abercrombie does not mention seeing the glacier in his 
1884 exploration. 
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Allen does not show the glacier on his 1885 map upon which he named Baird Canyon, 
but says in the text,^ that on April 4, 1885, “the camp at Baird’s Canyon was at the foot 
of a vegetation-covered glacier which extended along the river for 6 or 7 miles. A short 
distance above the canyon the width of the river is two miles, with two small streams 
emptying into it on the east side. This widened part or lake extends about 6 miles. ” 

In August, 1891, Hayes made the sketch map showing Allen Glacier, with “wooded 
moraine” on the terminus and the “shallow” lake above with “mud flats” ; but he does 
not mention it in the text. 

In October, 1898, Abercrombie speaks of the Copper River winding “ around the glacial 
obstruction” of the “larger unnamed glacier,” below which is Miles Glacier “likewise 
covered” with moraine and vegetation.* Guide Rafferty ® in July, 1898, says “At the 
upper end of Baird’s Canyon is a good-sized terminal moraine, back of which I supposed 
was a “dying” glacier. Baird’s Canyon was found to be a very smooth piece of water, 
the river narrowing down from the wide bay to a few hundred feet in width. ” 

Witherspoon’s map, made in October, 1900 ^ (PL CLXXIX) shows Allen Glacier much 
as now except that the eastern, moraine-covered portion of the bulb is not shown as 
part of the glacier but as a 600 foot hill between two forks of the glacier, which is made 
to bifurcate where it emerges from its mountain valley. This is surely not a change in 
condition but an error in observation, due to failure to recognize an alder-bearing, 
moraine-covered glacier. 

In summary of the observations from 1885 to 1900, there seems to be no essential 
change; nor had there been any up to the time when the railway surveys of 1908 and 1909 
discovered ice all along their 5| miles of railway grade on the glacier. The bulb of Allen 
Glacier seems, therefore, to have been stagnant, moraine-veneered, and vegetation- 
covered throughout the period of visits by white men. 

Our own studies of Allen Glacier were made by both of the authors for half a day in 
August, 1909,® and by the junior author® between August 24 and 27, 1910, when the 
contour map of Allen Glacier was made (Map 9). We also saw Allen Glacier in passing 
on July 4, 1911. 

Valley Olacier, Allen Glacier flows from snowfields (PI. CLXX) in the portion of the 
Chugach Mountains west of the Copper River and north of Mt. Williams ^ and other 
peaks at least 6000 to 7000 feet high. Within its mountain valley the glacier is a clean, 
moderately-crevassed ice tongue with a grade of 500 feet to the mile. On the northern 
side is a small lateral moraine and there is a much larger one extended along the southern 

1 Allen, H. T., Expedition to the Copi>er, Tanana, and Koynkuk Rivers, Washington, 1887, pp. 43-44; 
Narratives of Explorations in Alaska, Washington, 1900, pp. 425-6. 

* Abercrombie, W. E., Reports of Explorations in the Territory of Alaska, 1898, War Dept., Adj.-Gen. Office, 
No. XXV, Washington, 1899, p. 320; also in Narratives of Explorations in Alaska, Washington, 1900. 

■ Rafferty, J. J., Same, p. 449. 

« House Doc. 546, 56th Congress, 2nd Session 1910, FI. I; also Bull. 374, U. S. Geol. Survey, 1009, FI. I. 

■ Tarr, R, S. and Martin, Lawrence, Nat. Geog. Mag., Vol. XXl, 1910, pp. 14, 25, 27-28. 

• Martin, Lawrence, The National Geographic Society Researches in Alaska, Nat. Geog. Mag., Vol. XXU, 

1911, p. 541; Mastering the Alaskan Glacier Barriers, Sdentiffc American Supplement, Vol. LXXI, 1911, 
pp. 305-307; Gletscheruntersuchungen Ifings der XUste von Alaska, Fetermanns Geog. Mitteilungen, Jahrgang 

1912, Augustheft, p. 79, Tafein 9 and 11; Un Qiemin de Fer sur Glacier dans TAlaska, La Nature, Vol. 41, 

1913, pp. 404-407. 

7 Named in 1910 for Mr. Alfred Williams, assistant engineer of the Copper River and Northwestern Railway. 
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margin. A medial moraine near tbe south side is broad and on passing outside the moun- 
tain valley it swings across into the middle of the glacier with a shape like a fishhook. 
At the mouth of the mountain valley the glacier grade is steepened slightly and the ice 
is more crevassed than in the piedmont bulb. This may be interpreted as evidence that 
Allen Glacier is in a hanging valley. 

The Allen Glacier Bulb. While within its mountain valley the glacier has a width of 
only a mile and three quarters to two miles, it expands in the broad Copper River valley 
forming a bulb five miles wide (PL CLXXIV), with a grade which flattens to 180 feet 
to the mile. The medial moraine and the southern lateral^ spreading out in this pied- 
mont bulb, cover the southern part of the glacier with a veneer of moraine; but the 
northern part of the bulb, for a width of a mile and a half consists of almost-uncrevassed 
ice with practically no moraine covering. Here a few ice cones, with protecting moraine 
veneer, stand above the general level, as they also do near the center of the glacier at 
the margin of the clear ice area. The northern margin of the bulb has several medial 
moraines and a hummocky lateral moraine. These are all made up of black shale, 
greenstone, and graywacke, except one of yellow granite, and their prevailing dark color 
forms a striking contrast with the red moraines of the southern border. On the north 
much less of the margin of the bulb is moraine-covered. On each margin of the bulb 
close to the debouchure of the valley glacier there is a narrow barren zone of naked 
rock. 

The Terminal Hill. East of this clear ice area, and rising to a height of a little less than 
500 feet, is a wooded hill zone, which extends from the zone of barren ablation moraine 
about a mile eastward to the river. This terminal hill is the extension of the glacier bulb; 
although it does not look like a glacier, it is everywhere underlain by ice. Its highest 
part is nearest the clear ice, from which it is separated by an abrupt crescentic escarp- 
ment facing the glacier. The undulating eastern slope is a long gentle descent to the edge 
of the marginal channel of Copper River in Baird Canyon. This surface is rather hum- 
mocky and is slumping here and there, so that sections exposing bare ice, beneath abla- 
tion moraine and beneath a tangle of roots, are frequently revealed. Ice was seen in 
several places along the river bank in August, 1909, and many , other exposures were 
seen When the railway was being constructed. 

There are valleys cut in the moraine-covered glacier margin all along its outer per- 
ipheiy, in one case with a considerable basin holding a lake and doubtless due more to 
melting and slumping than to streain cutting. 

Upon this stagnant, moraine-covered outer portion of the bulb grows a dense, continu- 
ous, mature, alder thicket* with scattered cottonwoods near the river. The annual 
rings in several of the largest alders were counted in 1910 and the ages varied from 50 to 
07 years, indicating that the advance of the glacier across the valley, which we know 
from Allen’s observations to have been over 85 years ago was certainly over 67 years ago 
(before 1843) and perhaps even earUer. 

The Interior Flat. The clear ice area within the vegetation-covered bulb is an interior 
flat (PI. (XXXn), intermediate in stage of development between that of Atrevida 
Glacier in 1909 and those of Variegated and Galiano Glaciers in 1905-09. In August, 
1909, this interior flat was bounded by the crescentic escarpment of the forested terminal 
hill and by a terminal moraine. It represented the site of 800 feet or more of melting of 
clean ice, lowering below the former level, as indicated by the forested part of the ice 
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Lulb. At the time of our observations in 1909 and 1910 there was an area of nearly- 
flat ice, merging into an area of moderately-rising glacier which sloped gradually up- 
wards to the valley mouth. Upon the edge of this flat ice a broad stream was slowly 
flowing through a series of lake-like expanses in which clay and sand were being de- 
posited upon the ice, as they had previously been deposited upon a similar but higher 
area to the northeast where slumping had followed the melting. A continuation of such 
alluviation upon the ice will produce a gravel-bottomed interior flat, similar to that of 
Variegated Glacier in Yakutat Bay. The ice surface in the flat, which was diversified 
only by broad swells and sags, had melted down to the bottoms of the crevasses. There 
was an occasional one in 1910 which had sloping walls and was 4 or 5 feet deep. Farther 
up the flat toward the valley glacier the crevasses were deeper but SO feet was the 
maximum depth. Some of the shallower crevasses were filled with sand and mud. 
There were no appreciable changes in the ice or the drainage of the interior flat between 
1909 and 1910. 

The Northern Terminal Moraine, North of the bulb of Allen Glacier is a strong cres- 
centic terminal moraine (PI. CLXXII). It is ov^r 3 miles long, an eighth to a 
quarter mile wide, and 50 feet high. Parts of it form a single broad ridge, other parts 
have shallow basins and flat knobs. It is separated from the glacier by a crescentic low- 
land a quarter to a half mile wide with pools, marginal channels, outwash deposits and 
lake clays, and slumping surface where these deposits had been laid down upon the 
nose of the glacier. This zone is barren of all vegetation. 

The moraine seems to have no ice beneath it. Its surface is covered with moss and 
grasses and had alders and willows which were 9 to 19 years of age in 1910. One willow 
at the outer border of the moraine on the alluvial fan was approximately 50 years old. 

The only gaps in this northern moraine were where streams from the glacier had cut 
through and only one of these was occupied in 1910, The other gaps were abandoned 
stream channels which headed up in the moraine or cut completely through it and termi- 
nated at a higher level than the present surface of the glacier. 

Alluvial Fans of Outwash Gravel, The excess in the amount of thinning of the glacier 
by ablation in the unprotected interior flat has given the northern side a lower posi- 
tion than the moraine-protected southern margin and the main drainage from Allen 
Glacier, therefore, escapes this way, building the great alluvial fan, many times larger 
than that of the stream from the southern side. This northern fan (PI. CLXXIV) 
slopes 54 feet to the mile in one portion and elsewhere 80 feet to the mile. It partly 
dams Copper River, aiding the glacier bulb in producing the lake-like expanse which 
backs up into side valleys and produces mud flats at low water and broad shallow 
expanses at times of flood (PI. CLXXIX). The size of the alluvial fan on the north 
furnishes additional proof that the glacier has been where it now is for a long period; 
and the absence of vegetation on all parts of the fan shows that the streams have 
shifted back and forth over it regularly in building it up. 

The Marginal Channel, The marginal channel of Baird Canyon (PI. CLXXI) differs 
from that at Abercrombie Rapids in the lack of swift, white water with reefs and 
dangers to navigation, partly because the river is here in a broader channel and partly 
because the lake-like expanse above Abercrombie Rapids backs up into Baird Canyon 
and decreases the velocity there. On this account, and also because of the protection 
afforded by the large alluvial fan on the northern side of the glacier the river is not 
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making severe inroads on the glacier, as it does upon the Childs and the southern 
portion of ]^es Glacier. No icebergs are discharged, for the glacier front is every- 
where mantled by moraine and vegetation. In spite of the narrowing of the river from. 
8400 feet just north of Allen Glacier to 400 feet in Baird Canyon the current is not 
quickened sufficiently to make the river undercut the glacier front, although the ice ia 
known to extend out to the river itself. 

Evidence of Flowage in Allen Glacier, The layers of ice in many portions of the bulb of' 
Allen Glacier are not horizontal, or inclined upward at a low angle, as near the termini 
of many valley glaciers. They are complexly folded and crumpled and, at many points 
within the interior flat, the general dip is vertical. This supports the idea of uprising ice- 
currents within interior flats. The folds in several places QPl. CLXXVII) were found to- 
be thickened on crests and thinned on the limbs as in the type of what Van Hise has 
called similar folds.^ As rock folds of this t 5 ^e are taken as evidence of rock flowage it 
seems possible that these ice folds may be interpreted as evidence of glacier movement 
by actual viscous flowage. The faults which cut certain folds are later than the folds 
and seem to have been made in the zone of fracture, or crevassing, after ablation of 
the glacier surface removed the overlsdng ice so that the folded ice was in the zone of* 
fracture rather than in the zone of flowage. The ice is largely made up of coarse crystals. 

History of Allen Glacier. The early stage of Allen Glacier as a tributary of the main 
Copper River Glacier seems to have been followed by a stage of complete deglaciation 
of the main valley so that when Allen Glacier expanded to its present form it had an open 
valley in which to spread out. This is suggested by the symmetrical mushroom head of 
this bulb glacier, which is the most perfect illustration of this type of glacier thus far 
described. 

The date of this period of expansion is not known except that it was before 1848, as- 
the vegetation proves. The time since this expansion seems to have been one of such 
slow movement in the valley glacier that the ice brought forward from the snowfields 
is practically all removed by vertical ablation in the interior flat. That the glacier is 
moving forward and is not ‘‘dead,” as is commonly believed in Alaska, is necessitated 
by the snow supply in the mountains and proved by the crevassing in the portion of the- 
interior flat adjacent to the valley glacier. The movement is very slow and does not 
seem to appreciably affect the outer, or eastern, portion of the bulb at all, for the vege- 
tation has grown in the 4 or 5 feet of ablation moraine soil for more than half a century. 

When we visited the AUen Glacier in 1909, bare ice was still visible in six of the rail- 
way cuts on the glacier terminus. A year later none of these exposures showed ice. The* 
level railway grade, which had been produced in 1909 by blasting out a shelf in the gla- 
cier ice and levelling it up with morainic ballast, was seriously modified in 1910. The 
slumping of the grade, due to melting of the ice beneath, amounted to 2 or 8 feet in 
many places and, at the maximum, amounted to over 7 feet. Slumping at the water's- 
edge showed that in 1910 the ice still extended out beneath Copper River. The largest 
area of slumping beneath the railway grade was 50 by 120 feet. Slumping had commenced 
here in 1909 and ice was then visible beneath the rails. The settling at this point 
amounted to 6 feet at one time of observation in 1910, although there had been some- 
filling in the meantime by the railway section gang. 

^ Van C. R., Principle of NortL American FrepCambrisn Geology, 16th Ann. Rept., TJ. S. GeoL 
Survey, Part 1, 1806, p. 600. 
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The front of Allen Glacier has a distinct crenulation which is interpreted not as due 
to lobation of the ice front, but to slumping of areas where the ice melts out. One of 
these has already been spoken of as containing a good-sized pond. Another valley SO 
or 40 feet deep was formed between our visits in 1909 and 1910 and in the latter year its 
margins showed long cliffs of bare black ice and a floor 100 by 300 yards strewn with 
dead alder. Earlier events of this sort were indicated by deep valley-like crenulations 
in the glacier front, some of them with mature alder growing on the sides where slump- 
ing had ceased, others with the slopes still covered with dead or dying vegetation. 

Relation of Allen Glacier to the Railway, Nowhere else in the world, so far as we know, 
is a railway built for nules upon the end of a living glacier (Pis. CLXXI, CLXXXI, 
B). The ballast beneath the ties and rails of the railway actually rests upon the ice, 
not upon an abandoned moraine as at Heney Glacier. Since the railway was built, 
disadvantages in this location have been revealed, notably the settling of the track as 
the ice beneath it melts, the frequent breaking out of new streams, calling for new 
trestles, and in one case the shifting of a bridge support 18 inches toward the river, 
necessitating the driving of a new pile. These difficulties will recur every summer and 
will always render this section of the railway expensive to maintain and slow for trains 
to run over. Of course there is no danger to passengers on a railway thus located, 
provided track- walkers watch the railway grade carefully. 

The gravest problem in connection with the section of the railway on Allen Glacier 
comes in connection with a possible advance of the glacier. This would destroy the 
track and completely block traffic on the whole railway, for there is no way to go around. 
After a period of immunity of 67 years such an advance is likely to come at any time and 
may be especially imminent any time within the next few years, ^ for the adjacent Childs, 
Grinnell, and Heney Glaciers had advances in 1910 and 1911, suggesting that the snow- 
fields west of Copper River are likely to also produce an advance in the Allen Glacier, 
which lies between the Grinnell and Heney ice streams. 

Such advance, however, would probably be short-lived and, if not too large, its impetus 
might all be taken up in the interior flat, so that the outer edge of the glacier bulb, on 
which the railway is built, need not necessarily be broken up. 

The railway engineers could not have avoided this stretch of track upon the glacier, 
without prohibitive expense of rock cuts, a tunnel, and two expensive bridges across 
Copper River. The most serious error in the railway building was the stripping off of all 
vegetation from the right of way. If the alders had been left growing close up to the 
railway the slumping of the ice beneath and close to the track would have been much less. 
Even now it would probably pay to plant the right of way with new shrubs so that further 
slumping beside the track may be decreased. It seems likely that renewal of ballast 
beneath the rails will eventually bury the ice there so deeply that slumping will cease. 

1 Sin^ ttmlriTig this prediction of imminent advance of Allen Glacier the junior author has been informed 
by Mr. Caleb Corser of the Copper River and Northwestern Railway that during the summer of 1912 the 
glacier commenced to move forward. The southern border was crevassed and broken in September, 1912, 
and showed dear blue ice where there was smooth, moraine-veneered ice in 1911. In the northern, moraine- 
covered margin of the bulb there was much thickening and crevassing and an advance which is said to 
amount to i mile. The largest glacial stream on the northern side of ARen Glacier left the channel which 
it occupied from 1909 to 1911 and flowed in a new chonnd, in 1912, about a mile farther west. Its volume 
was greatly increased and the stream shifted frequently, causing much trouble in the portion of the railway 
grade on the northern alluvial fan of outwaah gravds. 
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SwcALL IcB Tongubs Nohth OP Allen Glacier 

La Gorce Glacier, In the valley immediately east of the terminus of Allen Glacier 
there is a small ice stream called La Gorce Glacier.^ It is a vaUey glacier a little smaller 
than Grinnell Glacier and terminates about £ miles from Copper River. This ice stream 
flows with a rather steep grade from a large cirque. Its terminus is mantled with debris. 
There is a strong lateral moraine on the valley side east of the glacier margin, which seems 
• to be of recent formation. A broad valley train of outwash gravels leads from the gla- 
cier to the Copper River. 

The mouth of the valley of La Gorce glacier is exceptionally steep-sided because of 
glacial erosion. It seems clear that the La Gorce valley formerly mouthed at least a 
mile farther north and that the Copper River now sweeps through the mouth of La Gorce 
valley (PI. CLXXIV) in the portion of its course south of the 600 foot rock hill near 
Allen Glacier. This hill was formerly the termination of a spur on the northern side 
of La Gorce valley. Allen Glacier seems to have forced the Copper River into a marginal 
channel which crossed this spur and entered La Gorce valley, the river then sawing off 
the end of the spur and converting it into a detached rock. It is concluded that this 
diversion was related to an earlier expansion of Allen Glacier than the present one 
because the channel east of the rock hill is not a narrow, steep-sided gorge, but has been 
opened out to a width of a quarter mile with flaring walls. This is ascribed to erosion 
by the former trunk glacier of the Copper River valley. The expansion of Allen Glacier 
is thought to antedate this, and the reoccupation by Copper River of this modified 
marginal chaimel may be due to alluviation by the glacial streams on the northern 
side of Allen Glacier. 

Wernicke Glacier} Wernicke River enters the Copper River valley northeast of Allen 
Glacier, flowing in scores of channels over a gravelly valley train a mile wide. We have 
not visited the glacier at the head of this valley but from the many streams it is judged 
to be of considerable size. 

Shields Glacier, Shields Glacier * is a small valley glacier on the western side of Copper 
River valley about 6 miles north of Allen Glacier. It terminates near the lip of its hang- 
ing valley (PI. CLX3dX). 

Smaller Ice Masses, A h.anging valley south of Shields Glacier still retains a small 
glacier. There are several on the valley wall north of the La Gorce Glacier, two of which 
come so nearly in line thfit they give the erroneous impression of a recemented glacier. 

North of Wernicke River there is a n6v6-sheathed slope of the type seen in Harriman 
Fiord. This ice expands on a moderately steep slope and terminated in 1910 just above 
a barren zone, where there was formerly a steep ice cascade. 

Hbnbt Glacier 

Location, Heney Glacier is on the western side of Copper River 10 miles north of AUen 
Glacier. The portion of the Copper River canyon near Heney Glacier is 2 to 4 miles 
wide with the mountain walls on each side rising precipitously over 5000 feet. Instead 
of being blocked by glaciers that project clear across the valley from either side, as Allen 

Named in 1910 for John 0. LaGorce^ assistant editor of the National Geographic Magassine, 

* Named in 1910 for L. Wetnicke and Archie Shidda of the Copper River and Northern Railway. 
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and Miles Glaciers do, the canyon is open, having only this one large glacier extending 
into it, and this ice tongue reaches only about a mile into the Copper River valley. The 
other glaciers of this portion of Copper River end at a considerable height in the moun- 
tains. 

Oeneral Description, This ice tongue rises in cirques and snowfields 4000 to 6000 feet 
above sea level. It has a known length of about 8 miles and perhaps an even greater 
extension in the mountains. At the mouth of its mountain valley it has a width of about 
a mile. Outside the mountain valley it expands in a bulb over two miles wide, and orig- 
inally similar in form to the bulb of Allen Glacier. The bulb of Heney Glacier has now 
been modified by retreat, but more is left of it than that of Childs Glacier, because Copper 
River has not cut into the Heney and modified its form. 

McCune Glacier, a former tributary of Heney Glacier on the south side, erroneously 
shown on previous maps as confluent with Heney Glacier, has been disconnected from 
the main ice tongue by melting and now terminates about half a mile within its valley. 

Heney Glacier terminates in a low slope, most of which is covered with ablation mo- 
raine and supports thick vegetation. In front of the glacier is an abandoned terminal 
moraine, traversed in a great curve by the railway. Between the railway and the glacier 
there are several lakes, the shores of two of which are traversed by the railway. In the 
largest one, which is farthest to the north, the glacier has a vertical cliff and discharges 
a few small icebergs. Heney Glacier is nearly as large as Childs Glacier, but is much less 
impressive as seen from the railway, because it is not so active, and has not a high verti- 
cal cliff undercut by the Copper River. Because it is moving slowly, the outer end of 
it is dark-colored and unattractive, with ablation moraine and ice covered with thickets 
of alder and cottonwood. The upper part of the glacier is clean and beautiful and a 
view from a point about a mile west of the railway shows Heney Glacier as an impres- 
sive and attractive tongue of ice, ranking fully with the Childs Glacier in size and beauty. 

Previous Maps, Heney Glacier has not been described previously. It was first shown 
upon a map by Mahlo in 1898.^ It was sketched more accurately by Witherspoon in 
1900 * (FL CLXXES) and was shown upon a later map of the U. S. Geological Survey.® 
The detailed map of the terminal bulb (PI. CLXXVHI) was made in 1910 by the Na- 
tional Geographic Society’s exi)edition. Rough sketches of the relationship of the glacier 
terminus were made by the railway surveyors between 1906 and 1909, and their maps 
are the first ones upon which the presence of the lakes in front of Heney Glacier is 
shown. Throughout this period of observation, this ice tongue seems to have remained 
in about the same position and condition, and it may be assumed to have been inactive, 
with normal slow motion in the valley glacier and tributaries, and with an almost 
stagnant condition in the bulb, from sometime before 1898 to the summer of 1910 when 
our studies were made. 

The Valley Glacier, The valley glacier showed no abnormal features in 1910. It heads 
on a snow divide with the Schwan Glacier of Tasnuna valley, flowing eastward and 
receiving as tributaries two cascading glaciers from the west and two large and two 
small glaciers from the south. The slope of the main ice tongue is moderate, an ascent 

I Abercrombie, W. R., .War Dep*t., Adj.-Gen. Office, No. XXV, Washington, 1890; Schrader, F, C., 20th 
Ann. Rept., U. S. Geol. Survey, Part VII, 1900, Map No. 21, 

> House Doc. 546, 56th Congress, 2nd Session, Washington, 1900, PI. 11. 

» Bull. S74, U. S. Geol. Survey, 1909, PI. I. 
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from 580 feet to 830 feet above the railway being made in the two miles from the mouth 
of the valley glacier to the end of the first large tributary on the south. The surface of 
the valley glacier is little crevassed and only slightly encumbered with moraine. The 
moraine extends farthest up the glacier on the northern margin. The crevasses were 
predominantly longitudinal and travel was easy in 1910 upon the long narrow seracs of 
the valley glacier. 

Barren Portion of Bulb. The southern half of the bulb of Heney Glacier is free from 
moraine and slopes 10° to 20°. There is a little debris in this basal ice, but the surface 
has scattered stones upon it. Near the glacier margin the bottoms of a few crevasses 
reach to the very bottom of the glacier, revealing ice layers which stand at a high angle. 

The northwestern half of the bulb is thickly mantled with ablation moraine and its 
surface is a maze of knobs, kettles, ridges and hollows, with ice showing in little cliffs 
at a few localities. The surface rises gradually from 150 to 580 feet above the railway. 
The surface of this ablation moraine was everywhere slumping in 1910 and vegetation 
had nowhere taken root upon it, except in a narrow strip close to the forested portion of 
the bulb. Even here the plants were very young and were scattered, so that, in general, 
there was a sharp line of demarcation between the barren and the forested zones of the 
moraine-covered bulb. 

Forested Portion of Bulb. AH of the eastern end of the bulb (PL CXXXVIII) is thickly 
covered with ablation moraine, beneath which the presence of ice is only shown by in- 
frequent areas of slumping. This portion of the glacier is completely covered with dense 
forest. Most of the trees are alders, but there are scattered cottonwoods and willows. 

The Terminal Moraine, The terminal moraine (PL CLXXVIII) is followed by the 
railway from the lake south of Mle Post 75 to the curve just beyond Mile Post 77. The 
glacier has retreated half to seven-eighths of a mile from the moraine. Near Mile Post 
75 and for over a mile to the south the glacier retains an advanced position so that no 
moraine has been exposed by melting. For a short distance beyond this, however, there 
is an independent morainic ridge, from which the glacier has receded about half a mile. 
This southern moraine is broad and low and partly covered with forest. 

The northern portion of the moraine where followed by the railway, varies in width 
from a single, symmetrical, narrow ridge to a moraine belt nearly an eighth of a mile 
wide. The height ranges from 5 to 15 feet, for the lower ridges, to 40 or 50 feet. The 
ridges are crescentic and parallel to the former ice front, and sometimes contain small 
ponds and dry kettles. The material in different parts of the moraine is till, rounded 
outwash gravel, fine river silt, cross-bedded dune sand, and huge angular bowlders. 
In several localities the till overlies the dune sand or the large angular blocks rest upon 
stratified stream deposits, showing that there has been an advance after a period of 
retreat. In no case were the lower deposits at all weathered. 

The Marginal Lakes. There are four large and several small lakes around the margin 
of Heney Glacier. These lakes have one wall of ice and one of terminal moraine. Three 
of them lie within the two areas of interior flat which this bulb glacier has developed 
upon either side of the central ridge of ablation moraine. That the lakes have fluctuated 
in level is well shown in the southernmost, where there were minute, abandoned beach 
levels in 1910. 

The southern interior flat contained an area of ground moraine which was crossed by 
a remarkable series of hundreds of low, parallel furrows and ridges (PL CLXXX) of 




Wooded Surface of the Western Part of the Stagnant Bulb of Miles Glacier 
In the zone of thickest ablation moraine. From Station N, August 10, 1910. 






Plate CLXII 



Subpage op Miles Glacier in the Zone op Thick Ablation Moraine 
i.e steep slopes are glacier ice overlflLn. by morainic debris with only a few, scattered small shrubs. Dense vegetation of zone of thickest 

moraine in background. Kiotograph, August 22^ 1910. 
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Letters indicate boundaries of the diidsions of the bulb; a-b. zone of thickest ablation muiaine; b-c, zone of thick ablation moraine; c-d, zone of thin ablation 

morame. Photograpli from Station E, August 21, 1910. 



Platjd CLXV 



Miles aj^d Childs Glacieib Bulbs 





Ghoxtntd Moraine Surface between Southern Terminal Moraine and Miles Tattib 
The angular, unstriated rocks in the foreground are interpreted as part of a long, narrow crevasse deposit. Photograph, August 22, 1910, 



Plate CLXVII 



A. Crevabse in Detached Ice Mass at Southern Edge of Miles Glacier 
With cover of ablation moraine sliding into it. Photograph, August 19, 1010. 



B. The Forested Terminus of Grinnbll Glacier in 1910 





Retreat op Miles Glacieb pbom 1900 to 1907 

PoUowed by adTiinoe between 1608 and 1910. Photograph by F. C. Schrader, from Photo Station M, October 6. 1900. 
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OF Clean Pobtion of Gbinnell Glaciee fbom Station O on August 20, 1910 
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A. Ridges in Southben Inteskior Flat of Hbney Glacier 

Terminal moraine in right background. 



B. Hanqinq Valley North of Hbney Glacier 



Plate CXXXIV 



Allen Glacler in 1910 





Plate CLXXV 



The Uppee Naehow Portion op the Copper River Canton across the Chxtgach Moi 
Deeper in this portion than the Grand Canyon of the Colorado. Photograph by E. A. H( 




B. Looking North in Wood Canton 

Hanagita watergap at a, post-glacial gorge of Copper River at b. Intermediate glacial valley at c. Photograph by 

E. A. Hegg. 
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the type formed by a minor advance of a glacier across the unconsolidated deposits of a 
previous retreat. These parallel ridges were crossed at various angles by narrow de- 
posits of sand and clay. Some of the latter were 3 or 4 feet high (PI. CLXXHI, A) 
and rather sinuous. Those at the glacier margin had cores of ice. 

The marginal lake at the eastern end of the glacier is the first one seen from the train 
going northward. Its ice wall is completely covered with growing forest and slopes at 
a moderate angle. 

The northern marginal lake, the largest bordering Heney Glacier and also well seen 
from the railway, is about a mile long and half to three quarters of a mile wide. It has 
the terminal moraine on the north and east sides, outwash gravels on the west, and the 
glacier on the south. This glacier margin, which is in the zone of barren ablation moraine, 
has been undercut by the lake waters, so that it forms a precipitous cliff, 20 to 50 feet 
high. At the time of our studies ice blocks were occasionally sliding down into the water, 
more at night than during the day. The lake is probably very shallow, for no icebergs 
were afloat upon it. 

The Outwash Gravds, The deposits made by the glacial streams from Heney Glacier 
merge with those of the Copper River, The largest alluvial fan is on the south and is 
barren near the present streams and thickly covered with alder elsewhere. The modem 
outwash gravels west of the largest lake are barren and surround remnants of older 
outwash which is forested. 

Vegetation on Heney Glacier. The trees and moss on the portion of the glacier which 
is covered with ablation moraine and upon the terminal moraine furnish some facts 
regarding the recent history of the terminal bulb. The absence of annual plants and of 
moss on the western belt of ablation moraine show that melting of the ice has resulted 
in slumping for some time in the past. The presence of moss and of a dense growth of 
mature trees on the eastern extremity shows that it has long been immune from slumping, 
and yet, even here, the rare areas of dead and overturned trees show that the ice lies at 
no great distance below the surface. Upon the outer margin of the glacier and upon the 
terminal moraine near Mile Post 75 the alders and cottonwoods were 11 to 26 inches in 
diameter and 50 to 76 years old in 1910, but at the extreme northwestern edge of the 
terminal moraine, near Mile Post 77 there were cottonwoods over 90 years old. This 
shows clearly that the last expansion of the bulb of Heney Glacier was about a century 
ago and that for over 76 years there has been no period of activity capable of breaking 
up the outer portion of the bulb. 

Near the outlet of the large northern lake the crest of a high knob in the terminal 
moraine showed great cracks in 1910. As the rocks were thickly covered with moss and 
the ridge was forested this raised the question as to whether the ice still underlies this 
moraine and the lake basin. We saw nothing elsewhere that led us to suspect ice beneath 
this moraine, the remainder of which is forested and undisturbed by slumping. 

Activity of Heney Glacier in 1911. It has been stated that the glacier was only moder- 
ately crevassed in 1910. The crevasses in the valley tongue seemed to be of two sorts, 
one set were the normal crevasses of the more rapidly moving upper glacier reduced by 
ablation, the other a longitudinal series of fresh-looking gashes which had sliced the 
glacier into long flat-topped seracs. This latter series extended into the edge of the 
zone of barren ablation moraine, where none of the older crevasses were left. That 
20 
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they were made in the season of 1910 was evident from their relationships to the abla- 
tion moraine. They died out within a few hundred feet of the edge of the dear ice. 

In July, 1911, Heney Glacier was seen from the railway and the crevasses then 
extended throughout the zone of barren ablation moraine. They were much more 
abundant in the clear ice of the southern portion of the bulb and extended clear to the 
margin of the large northern lake. It was evident that portions of the glacier easily 
traversed in 1910 were nearly, if not quite, impassable in 1911. Mr. L. Wernicke, one 
of the railway engineers, noted in September, 1911, that there were many icebergs in 
the northern lake. 

Evidently a wave of abnormal movement spread down through the Heney Glacier in 
1910-1911. It seemed to be only a minor spasmodic advance of the sort which prevents 
vegetation from gaining a foothold in the inner portion of the bulb, rather than a great 
advance like the one which resulted in the building of the terminal moraine about a 
century ago. 

Adjacent Olaciers, Of the ice tongues near Heney Glacier the largest is the McCune 
Glacier, already alluded to as a detached tributary of the Heney. This valley glacier 
is about an eighth of a mile wide and over 4 miles long, rising in snowfields adjacent to 
those of Shields Glacier. In 1910 it was moderately crevassed and had a strong medial 
moraine and two lateral moraines. The half mile between this glacier and the margin 
of the Heney is occupied partly by outwash gravels and partly by two independent mo- 
raines, one a terminal moraine of McCune Glacier, the other a lateral moraine of Heney 
Glacier, the margin of whose bulb has bulged into this valley since the McCune Glacier 
became independent. 

There is a small glacier in the tributary valley north of Heney Glacier (h, PL CLXXIX) . 
This glacier formerly supplied ice to the Heney and now hangs 600 or 800 feet above the 
surface of the trunk glacier. The water from the small glacier descends from the lip of 
the hanging valley in a series of beautiful waterfalls (PI. CLXXIII, B). 

The first cirque south of Heney Glacier contains a small stagnant ice mass, covered 
with ablation moraine. This cirque hangs over 1000 feet above the floor of the Copper 
River canyon. 

Othee Gla-ciees of the Copper River Canton 

The ice tongues of the Copper River canyon north of Heney Glacier are not at all 
well known. We have studied none of them, but have seen several of them from a dis- 
tance. At the head of the Bremner River there are large glaciers, and on the south side 
of the Tasnuna valley there are two large bulb glaciers, of which Woodworth Glacier 
seems to be larger than Schwan Glacier. Each of the latter was stagnant and moraine- 
covered in 1910 and apparently much as they were when visited by Schrader ^ in 1898. 

Most of the ice tongues north of the Tasnuna River, except Cleave Creek Glacier,^ 
are small and descend at steep grades, in several cases as cascading glaciers, as on the 
peak south of Dewey Creek. The noteworthy feature about all these ice tongues is 
their small size in contrast with the great size of the glaciers farther south in the Chugach 
Mountains where the snowfall is many times greater. 

Schrader, P. C., 20th Ann. Kept., TJ. S. Geol. Survey, Port YU, 1900, pp. S64, 397-S98, Pis. XXXII, 
XKSm and Map 20. 
a Ibid., pp. 862, 896 and FI. XXX. 
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GLACIATION OP THE PRINCE WILLIAM SOUND AND LOWER COPPER 

RIVER REGIONS 


Introductory 

This chapter will be devoted to a discussion of some of the phenomena of general 
glaciation of the Prince William Sound and lower Copper River regions, except as al- 
ready taken up in connection with individual glaciers and separate fiords. As in the 
corresponding discussion for the Yakutat Bay region (pp. 198-2S1), there will be amplifi- 
cation of special topics, but no attempt will be made to summarize the phenomena of 
glaciation presented in (pp. 232-450), except as they furnish evidence on the problems 
under consideration.^ 

The Copper River canyon will be dealt with first, then Prince William Sound, and, 
lastly, there will be a brief comparison of the glacial history of the Prince William Sound 
and Yakutat Bay regions. 


The Lower Copper River 

The Canyon Between Chiiina and Tasnuna Rivers. From the broad intermontane 
basin of Copper and Susitna Rivers, which is surrounded by the Chugach, Wrangell, 
Talkeetna, and Alaska Ranges there are water-gaps and passes leading out in various 
directions. Copper River emerges at the lowest of these and plunges into the hundred 
miles of canyon by which this stream' crosses the Chugach Coast Range to the Pacific 
Ocean. This canyon consists of three quite different portions, (1) a northern, narrow 
canyon, (2) a wider, middle canyon, and (8) a southern, terminal portion which flares 
open toward the ocean. The northern, narrow portion of this canyon lies between the 
Chitina and Tasnuna Rivers, Its topography is shown in Figs. 69, 70, and PI. CLXXIX. 

From the Chitina River southward (Fig. 69) the river valley at first narrows down- 
stream (PI. CLXXVI, A), the valley walls become higher, and the river plimges into 
Wood Canyon, a short, narrow, steep-walled gorge (PI. CLXXVI, B). 

Below Wood Canyon the river is in a broader, young, stream valley, whose walls 
rise still higher as the stream penetrates the mountains, until, near Spirit Mountain 
and Tiekel River, elevations of 6000 to 7000 feet are attained within 2 miles of the 
river. It is, thus, even deeper than the Grand Canyon of the Colorado River in Arizona, 
but differs from it in having a form produced by glacial erosion. With this general 
character (PI. CLXXV) the canyon continues southward to Tasnuna River. Its 
grandeur is not seen as well from the railway, which follows the western bank, as from 

^ For general maps of the area discussed see A. H. Brooks, PI. 5, House Doc. 1846, Fart 2, 62iid Congress, 
3rd session, Washington, 1916r U* S. Grant and D. F. Higgins,. FL H, in pocket. Bull 443, U. S. Ged. Survey, 
1910; and Map 1, in pocket of this book. 
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the river itself, and there are few finer river trips in the world than that from Chitina 
River southward through the Copper River canyon. The junior author had the oppor- 
tunity of making this in 1910, when steamboats were running on the Copper. 

The present grade of the river in this upper portion of the canyon ranges between 
6 and 8 feet to the mile. The river is an anastomosing stream, divided into scores of 

shallow, braided chan- 
nels on a narrow valley 
bottom of glacial outwash 
gravels. The only excep- 
tion to this is the short 
stretch of Wood Canyon, 
where the river covers the 
whole bottom of a single, 
deep gorge. Copper 
River is heavily laden 
with glacial debris from 
the Wrangell, Chugach, 
and Alaska Ranges and 
the bottom of the canyon 
is being buUt up, so that 
the channels are continu- 
ally shifting. One day in 
August, 1910, for exam- 
ple, a steamboat upon 
which the junior author 
ascended and descended 
the Copper River for SO 
miles was obliged, on the 
return trip, to seek new 
channels at several points 
where deposition had 
shallowed the channels 
which were navigable 
earlier the same day. 

The portion of the Cop- 
per Rivercanyon between 
Chitina and Tasnuna 
River has been intensely 
glaciated. The walls are 
much oversteepened (Eig. 
70) and the U-shape (PI. 
CLXXIX) is well developed. The oversteepening results in modern avalanches, as 
in a case just south of Cleave Creek. There are numerous hanging valleys (see h. 
Fig. 70), which are at elevations of from 300 to 400 feet for the larger tributaries, in- 
creasing to an extreme of 1500 to 2000 feet in the case of a small hanging vailey. just 
north of Dewey Creek. The post-glacial gorges cut in the lips of these hanging vaUeys. 



Fig. 69. CoppDE Bxvim Canton. 
(After U. S. Geological Survey.) 
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contain numerous beautiful waterfalls. Hanging valleys of the second order are also 
present. The hackly surfaces characteristic of glacial plucking are prominent on some 
of the oversteepened slopes. The roches moutonn6e form is best developed in the hill 
of naked rock at the mouth of the Tiekel River where the east-west movement of this 
large glacial tributary has predominated. The upper limit of glaciation must be 3000 
to 5000 feet in the northern 
portion of the canyon. 

Above this the irregular 
superglacial surfaces seem 
to be due more to weather- 
ing during the extreme gla- 
ciation than at present, for 
there are no great accumula- 
tions of talus below these 
precipitous cliflFs, as would 
be the case if post-glacial, 
high-altitude weathering had 
produced them, rather than 
super-glacial weathering 
with a glacier present below 
in the canyon to transport 
the weathered material 
away. 

The canyon winds more 
than in the broader section 
south of Tasnuna River, so 
that one sees overlapping 
spurs from certain points, 
but the ends of these spurs 
are sharply truncated by gla- 
cial erosion. The cross-sec- 
tion of the gorge is in some 
places asymetrical, as in the 
eight miles from Tiekel to 
Cleave Creek, where the 
eastern side of the canyon is 
much more oversteepened 
than the western side, which 
still retains some long, slop- 
ing, overlapping and only 
slightly truncated spurs 



Fig. 70. Coppeb Rryim Canton. 

(After U. S. Geological Survey.) 

The same section also shows the rock terrace in which the present stream course - 
is cut in some places, and which, here and there, produces a system of very low, over- 
lapping spurs. 

For about fifteen miles south of Wood Canyon Copper River occupies an ill-defined 
secondary gorge within its glaciated canyon. The gorge is cut in a rock bench or ter- 




454 


ALASKAN GLACIER STUDIES 


race wliich slopes gradually southward from the mouth of Hanagita Valley. Young 
gorges have been cut across the remnants of this bench by tributary streams. Its top 
has the rounded outlines of a glaciated surface. Near the southern portion glacial gravels 
rest upon it. 

The isolated 2200 foot rock MU called The Peninsula (PI. CLXXIX), and a similar 
hillock just south of Cleave Creek, present interesting problems, deserving of attention, 
in connection with former marginal drainage and glacier distribution. 

The Origin of Wood Canyon, Wood Canyon is a young, steep-sided gorge of a sort 
seen nowhere else in the lower Copper Piver. Its origin is interesting and may possibly 
be of importance in connection with the problem of how Copper Biver acquired its 
present course across the Chugach Range. This problem has been touched upon by 
Schrader and Spencer,^ and by Mendenhall.* 

Without going in detail into this larger problem, wMch requires further field work 
in relation to several other outlets of the Copper-Susitna basin, it may be pointed out 
that a glacial origin ® seems more reasonable than headwater erosion, as suggested by 
Mendenhall, or an antecedent origin for the course of Copper River through this 
northern portion of the mountains, with the Wood Canyon interpreted, as has been 
done by Schrader and Spencer, as an evidence of recent warping. 

This hypothesis of glacial origin of the course of Copper River across the mountain 
range may be outlined as follows: The preglacial upper Copper and CMtina Rivers 
are thought of as having some other course to the sea than the present one. The pre- 
glacial lower Copper River is thought of as heading somewhere south of but close to 
the present Wood Canyon. A former subsequent stream in the Hanagita Valley is 
thought of as turning at right angles at the south end of what is now Wood Canyon 
and flowing northward through the pass, alluded to hereafter as Hanagita Watergap, 
to Chitina River, just as Tebay River fifteen miles farther east, now flows northward 
from Hanagita Valley to CMtina River.^ The hypothesis then supposes that the inter- 
montane glacier of the Copper River basin rose Mgh enough to have an outlet southward 
through the Chugach Mountains by way of the lower Copper River, and that a glacial 
stream cut the present Wood Canyon and diverted the drainage of the eastern portion 
of the Copper River basin, that is the Upper Copper and CMtina Rivers, into the head- 
waters of the lower Copper, whose valley had been enlarged by glacial erosion to the 
present canyon form. 

The conditions at Wood Canyon are as follows. The canyon is a narrow gash (PI. 
CLXXVI, A) cut in the bottom of an older col. TMs broad flat-bottomed col, 
Hanagita Watergap, seems to be a preglacial stream course at a little Mgher level than 
the broad rock terrace in wMch the present gorge of the adjacent CMtina River is in- 

1 Schrader, F. C., A Recoimaisfiance of a Part of Prince William Sound and the Copper River District’ 
Alaska, in 1898, 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1900, pp. 395-403; Schrader, F. C. and 
Spencer, A. C., Geology and Mineral R^ources of a Portion of the Copper River District, House Doc. 546, 
56th Congress, 2nd Session, Washington, 1901, pp. 70--75; Spencer, A. C., Pacihc Mountain System in Biitish 
Columbia and Aladca, BuU. Ged. Soc. Amer., Vol. XIV, 1903, pp. 120-121, 127. 

> Mendenhall, W. C., A Reconnaissance from Resurrection Bay to the Tanana River, Alaska, in 1898, 20th 
Ann. Rept., U. S. Ged. Survey, Part VII, 1900, pp. 334-386. 

■ Martin, Lawrence, Nat. Geog. Mag., Vol. XXII, 1911, p. 560; Petermanns Geog. Mittdlungen, Jahrgang, 
1912, p. 81; The Canyon and Delta of the Copper River in Alaska, Bull. Geol. Soc. Amer.: Vol. 24, 1913. 

* See PI. I., BuU. 874, TI. S. Geol. Survey, 1909. 
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cised.^ From this difference in level, it is thought that the preglacial drainage through 
the Hanagita Watergap went northward. The watergap is thought of as widened out to 
the U-shape by the ice which streamed southward from the Copper River basin. 

The glacial erosion of the watergap produced a secondary valley within it, but this 
glacial valley nearly everywhere coincides with Wood Canyon and, therefore, is recog- 
nizable at only one point, where about half a mile of it is preserved- This is where the 
Railway leaves the west bank of the river, just north of Mile Post 104, and follows this 
abandoned valley (c in PL 
CLXXVI, B, and Fig. 71) which 
is 80 or 90 feet above the present 
level of the river. 

When the glacier was melting 
away this glacial valley was ap- 
parently occupied by a tongue of 
stagnant ice long enough to pre- 
vent the main stream from flow- 
ing here, for part of the Wood 
Canyon channel was established 
just to the east That glacial 
waters occupied this channel at 
one stage, however, is shown by 
outwash gravels 90 feet above the 
present Copper River. 

Wood Canyon (PL CLXXVI) 
was afterward incised to its pres- 
ent depth and is chiefly a post- 
glacial gorge. In it the Copper 
River is constricted in a channel 
400 to 550 feet wide, in contrast 
with 1300 feet just below the 
canyon and over half a mile just 
north of it. 

The origin of Wood Canyon is 
clearly involved with the glacial 
period rather than orographic 
movements. The great terraces 
of outwash gravels in the Copper and Chitina valleys ai*e graded up to an elevation 
that makes it impossible to consider their formation in relation to anything but 
streams graded up to a temporary baselevel at the height of the top of the Wood 
Canyon walls, or the approximate height of the abandoned valley followed by the 
railway. This establishes Wood Canyon as post-glacial, and suggests the control of 
the downcutting of the rock floor of the canyon over the system of terraces and gorges 
which have been cut in the glacial gravels of the whole Copper River basin. 

How long ago Wood Canyon was eroded cannot be stated, nor is it likely that down- 
cutting has entirely ceased. It seems certain, however, that it has taken several thousand 

» See PI. I., Bull. 874, U. S. Geol. Survey, 1909. 
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years, for the loess deposits overlying the outwash gravels immediately north of Wood 
Canyon have been at least 1000 years, and probably much longer, in process of ac- 
cumulation.^ 

The Canyon Between Tasnuna River and Childs Glacier . The middle portion of Copper 
River Canyon extends from Tasnuna River to Childs Glacier (PL CLXXIX). The 
width in this section is from 2 to 4 miles, in contrast to the width of a half mile to a 
mile in the narrower canyon between Tasnuna River and Chitina. The width in this 
glacial canyon does not increase down-stream as in a valley carved by river erosion. 
Just below Tasnuna River, for example, the canyon is over four miles wide, and four- 
teen miles to the south at Allen Glacier it is four miles wide, while six miles farther 
down-stream the width is only two and one-half miles, and six miles below this, at 
Childs Glacier, the width is again four miles. The canyon walls are slightly lower 
than in the narrow, northern section, the average height in this middle section being 
5000 to 6000 feet, attained within 1 to 2 miles of the river. The U-shape is well 
developed although the canyon walls flare more than in the northern section. 

The broadened valley bottom of the Copper River canyon was recognized by Allen 
in 1885 as an evidence of profound glacial erosion.* 

The cause for the increased width of the canyon from Tasnuna River to Childs Glacier 
seems to be the incoming of the Tasnuna and Bremner valleys. The Tasnuna, about 
two miles wide, and the Bremner, about a mile and a half in width, join the Copper, 
which is less than a mile wide, causing the four miles of width in the section of the Copper 
under discussion. This matter of width is another argument m favor of the recency of 
the diversion of the drainage of the Copper River basin across the Chugach Mountains. 
The relationship of widths of the Copper and these two tributaries is a natural one, 
gra n t in g profound glacial erosion by the Copper River Glacier, aided by the large former 
ice tongue in the Tasnuna. valley, which still contains the Woodworth and Schwan 
Glaciers, and the large, former ice tongue of the Bremner valley, where there are great 
glaciers even now. 

The canyon walls between Tasnuna River and Childs Glacier are exceptionally sim- 
ple, chiefly as a result of glacial erosion. There are no projecting spurs (PI. CLXXIX), 
except the tiniest remnants of eroded spurs, as in the one in the rock cut between Allen 
Glacier and Camp 55 at Abercrombie Rapids. The lower slopes of the canyon are 
much oversteepened, the upper limit of glaciation being estimated at between 1500 
and 2000 feet north of Allen Glacier and 1450 feet at Childs Glacier. Below the shoul- 
der of oversteepening the slopes are rounded and there is little post-glacial stream 
dissection. 

Above the shoulder of oversteepening (a-a in PL CLXXXI, A,) there are many 
stream courses, separated by rather finely dissected spurs. The peaks include many 
pointed horns and broad towers, especially in the horizontal strata just north of Allen 
Glacier and Wernicke River. 

The great predominance of striation and glacial rounding and polishing upon the lower 
slopes of the canyon emphasizes the few surfaces of bare rock which are hackly and 
innocent of glacial grooving. Among the places where these are found are^ (1) the pre- 

. ^ Torr, R. S. and Martin, Lawrence, Glacial Deposits of the Continental Type in Alaska, Joum. Geol., 
Vol. XXI, 1913, pp. 289-SOO. 

•Allen, H. T., Copper River, Alaska, Glacial Action, Science, Vol. VIII, 1886, pp. 145-146. 
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cipitous 1800 foot clifif east of the terminxis of Allen Glacier, where the lower 1000 feet 
are nearly vertical, (2) the western canyon wall at Abercrombie Rapids, and (3) the 
western side of the isolated 600 foot rock hill at the mouth of La Gorce Valley. Part 
of this rock, facing Allen Glacier, has vertical and, at one place, actually overhanging 
cliflPs. In each case the absence of striation, which is unquestionable at the localities 
inspected, and seems to be so for the inaccessible higher portions of the same cliffs ex- 
amined with field glasses, is explained by glacial plucking. The absence of striation 
on two of these cliffs, however, opposite marginal channels of the Copper River, sug- 
gests the complication of stream erosion. Below these non-striated cliffs there is usually 
an absolute absence of talus, showing that the rough surfaces were produced by an ero- 
sive agent which worked in association with a transporting agency. This eliminates 
post-glacial weathering or avalanching. 

Talus slopes mantle certain of the canyon walls in the section between Tasnuna River 
and Childs Glacier. These are especially well developed at Abercrombie Rapids, where 
the railway engineers have cut off the noses of several steep talus cones which are 1000 
or 2000 feet high. This has modified them in a way to invite future rock avalanches.^ 
These talus cones, some of which extend above the upper limit of glaciation, and which 
are now entirely covered with vegetation are, therefore, no longer growing, from which 
it may be inferred that post-glacial, high-altitude weathering is far less effectual than 
the super-glacial weathering of the time of maximum glaciation. 

Some of the tributaries of Copper River are in hanging valleys (PI. CLXXIX). 
The smaller tributaries have discordances of several hundred feet, the stream at Whiting 
Falls north of Heney Glacier, for example, hanging 300 to 400 feet, another (Map 9) 
just southwest of Allen Glacier hanging 550 feet, and a third just north of Abercrombie 
Rapids hanging about 400 feet. This last h^ging valley is at Camp 55 and a milky 
stream from a small glacier descends its lip, but the gorge of the stream just north of 
it, which has no glacier, is not a hanging valley. Shields Glacier is in a hanging valley, 
but it is not certain whether the large tributary streams, like those of La Gorce Glacier 
and Wernicke River are in hanging valleys or not. If so, their discordance is hidden 
by the gravel filling of the Copper River canyon. Bremner River may even be dis- 
cordant in relation to the Tasnuna and main Copper Rivers, for there are low, roches 
moutonnte hills in its mouth. 

The floor of the middle section of the Copper River canyon is absolutely devoid 
of rock ledges, excepting in rare hills like the large one at the mouth of La Gorce V alley 
and small rock islands close to the valley walls, as in a case just south of Wernicke 
River. The rock bottom is thought to be some distance below the present river level, 
perhaps partly accounting for the greater width here than in the section north of Tas- 
nuna River. The valley floor is mantled with glacial outwash, which covers about 
fifty square miles between Allen Glacier and Tasnuna River. The present grade of 
Copper River for the whole middle section of the canyon averages less than three and 
one-half feet to the mile, or about half that in the section between Tasnuna River and 
Chitina. As this three and one-half foot average includes the Childs, ‘Abercrombie, 
and Baird Rapids, it is apparent that the grade elsewhere is not over 2 or 3 feet to the 
mile. The Allen (PL CLXXXI, B) and Miles Glaciers, acting as a dam and checking 

1 Some of these predicted avalanches took place during the summer of 1912, blocking the railway for 
several weeks. 
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the current of the Copper River, are responsible for this great accumulation of coarse, 
outwash gravels. The river is divided into innumerable, branching, shifting channels 
of the type which develop in heavily-loaded glacial streams whose current is checked 
(PL CLXXIX). 

The Former Copper River Fiord, The third section of the course of the Copper River 
across the Chugach Mountains is between Childs Glacier and the railway bridge at 
Flag Point. This is the mouth of the Copper River canyon, which flares so much in 
a distance of twelve miles that the width of four miles at Childs Glacier increases to 
thirteen miles at Flag Point. The mountain walls attain heights of 4000 to 5000 feet 
within 1 to 3 miles of the valley bottom. 

The lower portions of the valley wall slope veiy steeply as a result of glacial erosion. 
In a cliff just south of Miles Glacier on the eastern valley wall there is an ascent of 1700 
feet in a distance of 2000 feet, and just north of Flag Point on the western valley wall 
there is an ascent of 4000 feet in less than a mile. 

The tributary valleys enter at discordant grades, as near McPherson Glacier where 
extensive glacial erosion is shown by the hanging valley over the end of which this 
ice tongue cascades. The hanging cirque between McPherson and Miles Glaciers has 
been eroded by a local glacier now melted away. The valley in which Fickett Glacier 
lies seems to have been much deepened and steepened in the lower slopes by ice erosion. 
The Childs, Goodwin, and Johnson Glaciers probably occupy hanging valleys, but 
is not certain whether the valley occupied by Martin River Glacier is discordant or 
not. 

It is thought that this lower, flaring portion of the Copi)er River canyon is a former 
fiord and that the waters of the Pacific Ocean formerly extended at least as far north 
as the Childs and Miles Glaciers. 

This conclusion is based upon the fact that borings at the mouth of the canyon near 
Flag Point, close to the western valley wall, and at Hotcake Channel, about in the middle 
of the valley, show that there is no rock for a distance of at least 25 to 35 feet below 
sea level. At the head of the flaring section of the valley the soundings in the Miles 
Glacier lake show that the rock bottom is over 184 feet below sea level. 

From these facts it may be concluded that when the trunk glacier of the Copper 
River canyon retreated it had deepened this flaring embayment so that the lower 
fifteen miles or so were below sea level. That the ice did not halt long enough to fill 
this embayment at once is suggested by the absence of recessional moraines. That the 
ocean then extended up to or above present sea level is shown by the presence of wave- 
cut forms, like the stacks at and west of Alaganik. If the water extended inland to the 
stacks at Alaganik it must have also filled the Copper River fiord, at least as far north 
as Miles and Childs Glaciers. 

The flaring form of the valley walls indicate that this former fiord had outlines sim- 
ilar to Orca Inlet, Sheep Bay, Port Gravina and several other fiords to the west, which 
would be readily transformed to filled fiords exactly like the mouth of Copper River 
canyon if great glacial streams flowed into their upper portions. 

The Copper Rioer Delia, The Copper River has not only completely filled this former 
fiord, but it has built a delta (PL XCill) which extends about 12 miles out into the 
sea south of Flag Point and shallows the Pacific Ocean for twenty miles more. This 
delta coalesces with the alluvial fans of Sheridan, Scott, and adjacent glaciers, on the 
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west and the outwash plain of Martin River Glacier on the east. The Copper River 
delta merges so imperceptibly with the outwash gravels which fill the former Copper 
River fiord that it is best thought of as heading at Childs and Miles Glaciers, espe- 
cially because just below Goodwin Glacier the Copper River branches into a series of 
distributaries. 

Details Regarding the Glacial Sirearhs on the Delta. At present the Copper River dis- 
tributaries occupy the western half of the delta and the Martin River distributaries 
the eastern half. The largest of the Copper River channels follows the extreme western 
side of the valley and at the lower bridges on the Copper River and Northwestern Rail- 
way there are smaller branches east of Long Island, the chief one called Hotcake Channel; 
and two main streams west of Long Island, separated by Round Island. We shall 
call the westernmost and largest of these the Flag Point Channel and the smaller or 
eastern distributary, between Round and Long Islands, the Long Island Channel. 
Round and Long Islands each rise SO to 60 feet above sea level, or 12 to 48 feet above all 
stages of water, and there are numerous sand bars at their borders at the lower stages 
of the river. 

The combined width of these three chief distributaries of Copper River is 4445 feet, 
in contrast with a width of 1500 feet in the single channel of the undivided river at 
Miles Glacier bridge, where the depth is not much greater but the velocity is several 
times that at Flag Point Channel. The relationships of width and depth and velocity- 
are shown below, the total volume of the river having increased slightly below the Miles 
Glacier bridge by receiving water from the Childs, Goodwin, and smaller glaciers. In 
this table high water widths and depths are used, but the velocities are determined at 
various stages of river and are not so directly comparable. 

Table Showing Widths, Depths, and VELOtiiTiES or Copper Riveb on Its Delta 


Name of Channel 

Width of River 
. in Feet 

De'pth of River 
in Feet 

Velocity in Miles 
per Hour 

Miles Glacier Bridge 

1600 

S3 to 40 

6 to 12 

Flag Point Channel 

3200 

6 to 29 

2.8 to 3.6 

Round Island Channel 

526 

30 

3.2toS.4 

Hotcake Channel 

720 

18 



It may be of interest to compare and contrast the conditions at the head of the Copper 
River delta, where the river is in a single channel, with those at the three distributaries 
to the south* For this purpose data must be taken from (a) the channel at Miles Glacier 
Bridge and (b) at a point just south of Childs Glacier. 

At Miles Glacier bridge, where there is a 1550 foot steel bridge, the river level varies 
from' 116 to 140 feet above mean low tide at sea level, giving a vertical annual range of 
24 feet. The channel is 8 to 16 feet deep at low water, when it is divided by a great 
gravel bar. At low water the velocity of the current is 3 to 3.8 miles an hour, but even 
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*with the water at an elevation of 1S2.8 feet, or nearly 8 feet below the high water stage 
the velocity is 12.8 miles an hour. 

The speed of the current increases rapidly at this bridge, where the water is coming' 
out of the Miles Lake and starting down the rapids in front of Childs Glacier. At low 
water, for example, the velocity of 1.6 miles an hour about 1600 feet above the bridge 
increases to 1.7 miles in the first 500 feet, to 2.S miles in the next 500 feet and to 3 miles 
an hour in the next 700 feet. At a medium stage of water the velocity increases from 
3.7 miles an hour above the bridge to 6.1 miles an hour 800 feet down-stream below the 
bridge. A long series of velocity determinations were made by the railway engineers in 
the summer of 1908, by watching with two transits the rate of flow of icebergs in different 
parts of the river. These show that at a middle stage of the river the average velocity 
at this point is 6.3 miles an hour. By measuring the cross-section of the channel and 
the velocity of the current at various stages of water it is possible to compute the number 
of cubic feet of water which pass this bridge in a second. At high water this exceeds 
300,000 cubic feet per second, equalling the summer volume of Mississippi River at 
New Orleans. At low water it falls below 50,000 cubic feet per second. 

Detailed observations show that the river is highest in s umm er, when melting of 
the glacier ice is the greatest, and lowest in winter, when river ice generally covers the 
river from November to the last of May, or first of June. 

At the site just south of Childs Glacier, where the build i ng of a railway bridge was^ 
once considered, the channel is wider and shallower than at Miles Glacier Bridge. It 
was markedly shallowed by deposition between 1906 and 1908. 

The river descends between 40 and 50 feet in the 3 miles of rapids from Miles Lake 
to the southern edge of Childs Glacier, a grade of about 15 feet to the mile. The grade 
is much flatter from this point to the bridge at Flag Point, averagmg less than 4 feet to 
the mile. 

The Flag Point crossing consists of a 700 foot and a 600 foot steel bridge west of 
Round Island, and two intermediate stretches of heavy trestles, crossing the sand bars 
which are exposed when the river is low. The river level at the Flag Point bridges 
varies from 10.25 to 18 feet above mean low tide at sea level, so that there is a vertical 
annual range of eight feet in the river level in the portion of these channels near the 
Flag Point bridges. Here detailed soundings and determinations of rate of stream 
flow were made in 1910 by A. O. Johnson, one of the railway engiaeers. 

The velocity of the current in the Flag Point Channel was 3.4 to 3.6 “miles an hour 
in August, 1910. Here the low water channel is narrowed to 600 feet, with an increase 
in velocity due to constriction, for the water only moves 2.3 miles an hour north of the 
bridge where the channel is twice as wide. The depth of the river at low water is eight 
to twenty feet, and portions of the channel were deepened from seven to eighteen feet, 
while other portions were shallowed slightly by deposition between August, 1908, and 
July, 1910, showing how rapidly the channels of a great glacial stream, heavily laden 
with sediment, may vary. This may be due in slight amount to the interference with 
normal conditions by the piers of the bridge, but doubtless it mainly represents the 
variations in the bottom profile of a glacial stream, for the sections between bridges 
were also markedly deepened between 1908 and 1910. 

The Round Island Channel is crossed by a 560 foot steel bridge. Here the velocity 
varies from 2.8 to 3.4 miles an hour, the depth from 2 to 30.9 feet below low water^ 
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aad the channel was deepened feet in some portions and filled 12 feet in others be- 
tween August, 1908, and August, 1910, in this case clearly as a result of interference 
with the current by the piers of the bridge. 

Six miles farther to the northeast where the railway crosses the eastern distributary 
of Copper River from Long Island to the eastern bank, there is a main stream, Hotcake 
Channel, and several minor ones. Hotcake Channel is crossed by a 200 and a 400 
foot steel bridge and an intermediate trestle. This chaimel, 15 miles from the ocean, 
is from 1 to 8 feet deep at low water, the low water stage being 31 feet above mean low 
tide at sea level and the range of river level being about 7 feet. 

Throughout this portion of the Copper River delta the detailed soundings afford 
an especially good opportunity of watching the future variations of a glacial stream, 
the shifting of sand bars as revealed at low water, and the cutting and filling in 
various parts of the chaimels, as they may be revealed by soundings near the railway 
bridges. 

Coarse Deposits of the Glacial Streams on Ike Delta, The surface material in the out- 
wash deposits of Copper River delta has already been spoken of as gravel, sand, and 
silt or clay. The same materials are found for a considerable depth below the surface. 
At the Miles Glacier bridge, for example, the river is in a 50 foot gorge and borings 
extend to a depth of 40 to 50 feet below the bed of the Copper River, revealing such a 
section as the following, in which the exposed cliff on the south bank of the Copper River 
supplies the upper 56 feet and the sinking of the caisson for Pier 2 of the railway bridge 
the remainder. 


Section or Coabse GiiAClax Outwash Deposits at Miles Glacieb Bridge 


Material 

Thiclcness in Feet 

Bowlders, gravel and sand ^ 

66 

Large bowlders 

3 

Large bowlders, lying in cemented sand, gravel and silt 

11 

Large bowlders in loose sand and gravel 

4 

Occasional bowlders in loose sand and gravel 

3 

Bowlders in loose sand and gravel 

2 

Coarse, heavy sand and gravel 

3 

Compact sand and gravel, growing more compact at bottom 

6 

Total thickness revealed 

88 


Borings below the bottom of the river at the railway bridge across the Flag Point 
Channel reveal the following sections, all thicknesses being given in feet. All these de- 
posits except the first in the left-hand column (sand and gravel, 18 feet) are below 
the high water surface of the river. 

1 From the jsurface of the plain of outwaah gravds at Milea Glacier railway station to the surface of the 
gravel bar in the middle of Copper River. 
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Sections of Fine Glacial Outwash Deposits at Western Bridge across Flag 

Point Channel 


Material 

Thickness 

Material 

Thichness 

Material 

Thickness 

i 

Sand and gravel 

18 





Sand 

4 





Sand and gravel 

4 





Unrecorded 

6 





Fine sand 


Glacial mud 

4 

Glacial mud 

7 

(Sea level) 


(Sea level) 


(Sea level) 


Fine gravel 

7 

Fine sand 

15 

Fine sand and 






gravel 

00 

Coarse gravel 

17 

Sand and gravel 

18 

Coarse sand and| 






gravel 

16 

Silt and vegetation 

18 

Gravel 

11 

SiU and vege- j 






ialion 1 

8 

Gravel 

2 



Sand and 






gravel 

2 

Sand 

12 






The first point concerning these sections is that they show moderate-sized material, 
compared with the bowldery outwash, shown in the section (p. 461), 20 miles to the 
north at Miles Glacier bridge. 

The three sections given above are 250 to 850 feet apart and the lack of correspondence 
of the sand or gravel layers shows the normal horizontal variation common to river 
deposits. 

Eight other borings between this point and Long Island show similar relationships 
and variations, which indicate that, in the past, there have been the usual differences 
in velocity and carrying power of this glacial stream, which alternates in depositing 
sand, gravel and silt. These borings go 50 to 60 feet below sea level, but the totd thick- 
ness of the glacial deposits of the Copper River delta is quite unknown. Six miles farther 
northeast at Hotcake Channel the borings show similar gravel and sand, extending below 
sea level. 

Vjegetdtion Indicating Sinking of the Land, The presence of vegetation in the silt 
at a depth of 20 to 40 feet below sea level in two of these borings shown in the table 
and in two others to the eastward shows that the Copper River delta has been subjected 
to a submergence in recent times, as is the case in parts of Prince William Sound to the 
westward, as well as 30 miles east near Controller Bay. 

In the latter locality E. C. Hawkins states that in putting down borings, to see if it 
was possible to support a railway trestle on piles in the shallow Bering Lake, a layer 
of peat was encoxmtered SO feet below the surface. As the tide now rises into this lake 
the depth of this peat layer below sea level is about the same as on the Copper River 
delta. 
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Unfortunately the nature of the buried vegetation in the borings at Flag Point is 
not specified further, but, whether the vegetation was peat from a salt marsh or fresh- 
water marsh, or stranded tree trunks, it is clear proof of sinking of the land. It is incon- 
ceivable that water-lodged trees, for example, should happen to be buried in one layer 
that is now 30 or 40 feet below sea level in all four of the sections and that elsewhere 
in the deposits there should be none. 

This proof that the last movement of this coast line was downward is of much interest 
because there has also been post-glacial uplift of this same coast, shown on Wingham 
Island forty miles to the southeast, where there are uplifted silts containing striated, 
glacial pebbles and marine fossils. ^ 

Extent of Outwash Deposits, The deposits of outwash laid down by glacial streams 
on the Copper River delta itself, on the valley train of Martin River Glacier, and on 
the outwash plain of Sheridan and Scott Glaciers form an area of approximately 500 
square miles. They vary in character from bowldery conglomerates and coarse gravels 
at the head of the delta near Childs and Miles Glaciers to fine sand, silt, mud, and clay 
in the outer Copper River delta. They vary also in shape, the upper portion of the 
Copper and Martin River deposits forming a smooth outwash plain, the lower deposits 
of the same rivers forming a smooth delta, while the outwash gravels of the Sheridan, 
Scott and adjacent glaciers form an outwash apron of coalescing alluvial fans. 

Valley Train of Martin River. The outwash deposits of the Martin River Glacier 
west of the terminus of that glacier, have a length of 10 miles and a width of from Sj 
to 5 miles up to the point where they join the outwash deposits of Copper River valley. 
They are densely forested, where stream deposition is no longer going on, but barren along 
the present streams. The course of the Martin River, which, in 1905, emerged from the 
glacier near the northern side, joined by braided streams from a small cascading glacier, 
curves southward across the whole valley, because of the presence of a recessional moraine 
three miles west of the present terminus of the glacier, which interrupts the even slope 
of the outwash gravels. The present position of Martin River, close to the southern 
side of its valley, has resulted in the building up of the valley train higher than the mouths 
of five or more tributary valleys, in each of which the water is ponded back, forming 
good-sized lakes which have been described by G. C. Martin.* 

Alluvial Slope of the Western Edge of the Delta. The outwash deposits of Sheridan 
and Scott Glaciers form a confluent outwash plain with so even a slope that the Copper 
River and Northwestern Railway has been built across it with a perfectly straight 
stretch of track for over eleven miles. The surface rises and falls, however, in a series 
of broad, low, alluvial fans, but the track is built over the undulating surface without 
much grading. Along the line of the railway the highest point is 49 feet above sea level, 
and the lowest point 15 feet, so that the maximum relief is 34 feet. These fans are 
highest near the present streams, or the places where large streams formerly flowed for 
a long time, the differences in level between the axis of an individual alluvial fan and 
the depression on one side being 34 feet in 2 miles, 11 feet in 1 rmle, etc., according 
to the line of the section with reference to the head of the fan. 

There are five main alluvial fans on the outwash gravel plain of the Sheridan and 

» Martin, G. C., Bull. 385, U. S. Ged. Survey, 1908, pp. 46, 64. 

■Bull. 335, U. S, Ged. Survey, 1908, p. 56. 
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Scott Glaciers whose relationships, where crossed by the railway, are shown in the 
following table. This table shows clearly that the glacial streams abandon the higher 
points of their alluvial fans when they are built to a certain height, for at the time this 
railway leveling was done only one of the five fans had a stream upon its crest and that 
was a very small one. 


Table Showing a Cross-Section of Allutial Fans West of Copper River Delta 


Position 

Elevation 
in Feet 

Position 
on Fan 

Distance 
in Miles 

Ascent or De- 
scent in Feet 

Eastern alluvial fan 





East Sheridan stream 

15 


— 

— 

Small stream at Mile Post 17 

49 

Crest 

2 

+34 

Near Mile Post 15 

S2.9 


2 

-16 

Second alluvial fan 





Near Mile Post 14 

43.9 

Crest 

1 

+11 

Main Sheridan Stream 

32.9 


h 

-11 

Near Mile Post IS 

31.5 


h 

-li 

Third alluvial fan 




In Mile 12 

42 

Crest 


+ioi 

Near Mile Post 11 

28 


If 

-14 

Fourth alluvial fan 




Near Mile Post 10 

35 

Crest 

i 

+7 

Main Scott Stream 

16 


li 

-19 

Fifth alluvial fan 




Middle of Mile 7 

20 

Crest 


+4 

At Mile Post 7 

15 



-6 

Middle of Mile 6 

12.3 



-2i 

Outlet of Eyak Lake 

19.7 


h 

+7i 


This outwash gravel plain grades to fresh marsh, then to salt marsh, but in the area 
between the Copper River and the Sheridan Glacier streams the salt marsh extends up 
to the mountain base. 

Relation qf Outwash Deposits to Maintenance of the Railway. Two points stand out 
in connection with the building of the Copper River and Northwestern Railway on the 
Copper River delta. One is the ease of original construction upon these smooth alluvial 
fans, delta plain, and valley train, aside from the necessary filling in swamps and on 
quicksands. The other is the threat of expense of maintenance of the railway. 

The danger that the Sheridan Glacier might advance two and one-half miles and 
destroy the railway now seems practically negligible, but the danger that it may advance 
slightly and that the streams from it may shift and necessitate new trestles or may bury 
the track in places, as at Spencer Glacier on the Alaska Northern Railway,^ is an immi- 

1 Tan*, R. S. and Martin, Lawrence, An Experiment in Controlling a Glacial Stream, Annals Assoc 
Amer. Geographers, Vd. n, 1912, pp. 2S-40. 
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Map op thp Bkoad Middle Portion op the Copper River Canton 
Between Taanuna River and Allen Glacier. (After U. S. Geological Survey.) Hanging valleys shown by letter h* 







A, Fuhbowed Subfacb from which Henby Glacier ttap Recently Retreated in 1910 
SouthBin tenoiiiRl moiame in the bRckgroimd. 



B. Details of Porrows and Rtdqes Shown in Upper Illustration 




A. Vmw IN THE Bboadbb Middle Portion op the Copper Rivbr Canton 
Upper limit of glaciatioix near a, a, below which the slopes are smoothed by glacial erosion. Photograph by E. A. Hegg. 



B. The Copper River in Its Marginal Channel 
Precipitous eastern wall of canyon on left and Allen Glacier on right. 




Plate C 



On lower, moraine-covered slope of Hinchinbrook Island. Photographed by White. 
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nent one. Some measure of annual expense for new trestles and for raising the grade 
is to be looked for, even if the adjacent glaciers remain stationary or retreat slowly. 

The second threat of extra expense of maintenance comes from the Copper River be- 
tween the Flag Point and Hotcake Channels. There have been changes in the stream bed 
in even the short time since the bridges were built. While the steel spans were being 
erected the temporary trestles beside them constantly had to have new piles driven, 
because the current had undermined them. The steel bridges, built on concrete piers, 
seem safe, though not as safe as if it had been possible to erect the piers upon solid rock, 
rather than upon piling. The chief danger alluded to, however, is not that of undercutting 
by erosion, but of stream deposition. Unless artificially confined, the time will come 
when the several, heavily-loaded. Copper River distributaries wiU shift out of their pres- 
ent channels as they are silted up, leaving the expensive steel bridges high and dry, and 
necessitating new bridges wherever the new channels establish themselves. The rail- 
way engineers have to deal with what is to them a new type of stream and even the 
experience in attempting to control the lower Mississippi and in correcting small glacial 
streams in the Alps will fail to furnish adequate data as to what a source of trouble 
and expense a glacial stream may be to a railway and how it may best be coped with. 

Fine Glacial D&posits of the Outer Edge of the Delia, We lack detailed information 
regarding the nature of the Copper River distributaries between the railway bridges 
and the sea. It is thought, however, that the grade continues to flatten, resulting in 
the deposition of the coarser silt carried in suspension by the river and causing the even 
shallower channels and tidal sloughs south of Flag Point, where the river is navigable 
only by small boats. 

The bottom of Copper River is from 10 to 20 feet below sea level at the Flag Point 
and Round Island Channels, though slightly beyond the range of the tides and over 
twelve miles from the ocean. 

Upon the edge of the Copper River delta the Coast Survey charts^ show a horizontal 
range of the tide of several miles. Offshore from the Scott and Sheridan Glaciers, 
for example, continuous tide flats are exposed for distances of from 5 to 7^ miles at 
mean lower low water. The vertical range of the tide is only ten feet, showing that 
the slope is very slight indeed. Crossing these tide flats are small channels or 
sloughs, navigable only by launches. More than two miles 'from shore at the eastern 
edge of the delta, near the mouth of Martin River, there is a depth of only to 3 feet 
at mean lower low water. Opposite the middle of Copper River delta there are depths 
of only 54 to 102 feet nearly nine miles offshore, beyond which the water deepens to 
414 feet in less than two miles. The bottom material is sticky mud, and the Pacific 
Ocean is discolored for over twenty miles offshore by the glacial silt in suspension, part 
of which goes westward and has helped fill Orca Inlet. The nature of the fine glacial 
sediment deposited on the outer part of the delta and exposed on the mud flats at low 
tide is well indicated by Seton Karr,^ who tells of his experience in crossing the border 
of the delta in 1886 in a canoe with several natives. They were traveling inside a line of 
sandy islands, which furnished protection from the waves of the Pacific, and when the 
tide was too low to float the canoe any longer they were able to continue by sliding 
it over the slippery surface of the tide flats, continuing to sit in the canoe and push it 

»U. S. Coast and Geod. Survey, Charts 8502, 8520, and 8618. 

■ Seton Karr, H, W., Shores and Alps of Alaska, London, 1887, pp. 107-168, 171. 

30 
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fjong with the paddles while a little water remained and, after that, dragging it easily 
over the bare, slippery surface of the fine glacial sediment. 

Witidr-Blown Olacial Deposits on the Delia* In a number of places sand rise 

above the Copper River delta to a considerable height. The material is sand formerly 
carried out by glacial streams. There are large sand dunes 30 to 40 feet high on Long 
Island, just east of the Round Island Channel, which necessitate sand sheds along the 
railway. There is another large area of sand dunes in the 150 foot hill visible to the 
south of Long Island. There are also sand dunes east of Hotcake Channel, as well as 
on Egg Islands and other sand bars to the eastward. The latter have been built up by 
the surf in the shallow water off the delta front. From Softuk Bar, near Katalla, to 
the mouth of Orca Inlet, these sandbars form an incomplete barrier 5 to SO feet high 
and 4 to 7 miles off the front of the Copper River delta. While most of this sand comes 
from the Copper River and adjacent streams, some is doubtless supplied by the gla- 
cial streams from the Bering Glacier in Controller Bay and is moved along shore by 
the westward-setting currents. 

Although a normal delta in many respects, and with normal deposition by water, 
modified by the rise and fall of the tide, by alongshore currents, and by wind work, 
the Copper River delta is conspicuous as the terminus of a great area of outwash deposits, 
brought by the great volume of sediments from the present-day and former glaciers of 
this region. 

The Drifiless Area Near Alaganih, An unforeseen feature in connection with the 
former expansion of the glaciers near the Copper River delta and the erosion accom- 
plished by them, is the absence of any indication of glaciation along parts of the moun- 
tain front between Sheridan Glacier and the Copper River. At several points along the 
railway, as near Alaganik, there are rock pinnacles standing out from the mountain 
front and resembling stacks along a sea shore. Such forms as these are easily overturned 
by a glacier, and it seems quite probable that they are stacks produced by the waves of 
the Pacific before the Copper River delta was built. They cannot be considered shore 
forms produced after the retreat of the glacier, for there is no explanation of the failure 
of the waves to remove the evidences of glaciation at other points on the coast and 
higher above sea level than this. 

The conditions in the glaciated areas adjacent to the driftless region are unmistakable. 
That the ice expanded for some distance outside the mountain front in the region west 
of this driftless area is shown by the fact that the lower rock ledges in the vicinity of 
Sheridan Glacier bear striae, and there are many roches moutonn6e rocks, like the one 
at the front of Sheridan Glacier: there are extensive cirques in the mountains west of 
Scott Glacier, where there is a hanging valley half way between Scott Glacier and the 
railway; the valley containing Eyak Lake, between Scott Glacier and Cordova, was 
much deepened and had its lower slopes steepened by the expanded southern tongue 
of Shephard Glacier, which filled the whole valley of Eyak Lake; along the railway, 
striae on the rocky spur projecting into Eyak Lake from the south show that the ice 
tongue split on this point, sending one glacial distributary southwestward past Cordova, 
and the other southeastward to join the expanded Scott Glacier. All of the glacial 
drift between Eyak Lake and the driftless area at Alaganik is outwash, except for the 
eastern terminal moraine of Sheridan Glacier which contains till and abundant gr^te 
bowlders. 
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East of the driftless area the conditions are likewise unmistakable- The oversteep- 
ened western wall of the former Copper River fiord between Pickett Glacier and Plag 
Point shows that the trunk glacier of the Copper River valley extended south of Flag 
Point. Saddlebag Glacier valley also shows unmistakable evidence of former expansion 
as does the valley of Salmon Creek and McKinley Lake. 

Between these regions is one where absence of striae on the rock ledges and of erratics 
in the soil seems to point to absence of invasion by glacial ice. The incoherent material 
forming the flat floor of the region is all fine silt. The new railway cuts afford ample 
opportunity to find foreign bowlders, but none were found. The western boundary of 
the driftless area is well-defined. On the railway it is almost eight miles west of the 
Copper River, where a well marked terminal moraine of Sheridan Glacier crosses the 
track, 625 feet east of Mile Post 19. The eastern boundary is l^ss certain. No signs 
of glaciation are visible along the railway in the eight miles eastward to Plag Point, 
and it is uncertain how far outside the mountain front the Saddlebag and McKinley 
Lake Glaciers expanded. 

The cause of this driftless area was that the expanded Scott and Sheridan Glaciers, 
which apparently imited to form a piedmont ice tongue, probably extended southward 
far enough to coalesce with the trunk glacier from the Copper River canyon. In the 
angle between these glaciers and the mountain front there is a small driftless area, not 
overridden by the maximum glacial advance. 

Vegetation and the Former Advance of Glaciers in ike Copper River Canyon, Besides 
the interesting relationships of trees and shrubs growing upon the dirt-covered ice of 
Miles, Grinnell, Allen, Heney, and several other glaciers, as already described, the vege- 
tation in the Copper River region tells a specific stoiy of its recent glacial history. The 
Copper River delta and the southern part of the canyon support a dense coniferous 
forest, except where treelessness is caused (a) by ocean water on the tide flats and salt 
marshes, or (b) by aggrading glacial streams on the outwash gravel plains. The spruces 
are abundant from the ocean up to McPherson Glacier, but not north of there, though 
there is a thick forest of cottonwoods and alders, and one baby spruce was seen near 
Miles Glacier bridge. From this point northward no conifers were observed in the 
Copper River canyon south of the Tasnuna and Brenmer Rivers. North of Tasnuna 
River, however, there are spruces along the canyon bottom and its lower slopes, but in 
the Copper River basin north of Wood Canyon and near Chitina there is thick, mature, 
spruce forest. 

The distribution of vegetation, therefore, shows a practical absence of spruces and 
hemlocks for nearly 40 miles along the Copper River, while at either end there is dense, 
mature, coniferous forest. The 40 mile strip which has no conifers is not barren, but 
is thickly covered with cottonwood and alder, wherever the slopes, the glaciers, and the 
glacial streams permit. Throughout the region the vegetation is terminated upward by 
a normal timberline. 

To account for this distribution we postulate a recent period of expansion of the 
glaciers between Tasnuna River and McPherson Glacier. The retreat from this ex- 
panded stage was long enough ago for occupation of the 40 mile strip by alders and 
cottonwoods and for a commencement of occupation by the conifers, as in the case of 
the young spruce near Aliles Glacier bridge. 
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Mr. W. G. Weigle of the U. S. Forest Service has stated^that “the absence of timber 
throughout upper Glacier Bay near the Muir Glacier and in many other places in south- 
east Alaska is so evidently the result of recent glaciation that I have been prone to attrib- 
ute the absence of timber on the Copper River to the same cause, yet there may be 
other causes. One possible cause of this absence of timber worthy of consideration is 
that the spruce found near the mouth of the Copper River is tideland spruce {Pkea 
sitcheTisis) and is only found near tidewater where there is a heavy rainfall. The spruce 
foimd on the Bremner, Tasnuna, Chitina and other portions of the upper Copper River 
basin is known as white spruce (Picca canadensis) which is one of the spruces found 
throughout the interior and other portions of Alaska but is not found in the excessively 
wet belt along the coast from Seward south. Another condition which may largely be 
responsible for the absence of timber in this region is that the Childs, Miles and Allen 
Glaciers even yet form a great barrier between the timbered regions of the upper and 
lower Copper River and the indications are that in quite recent times this ice field was 
much larger than it is at present, hence formed a greater barrier.’* 

It seems probable that this distribution is due to an actual readvance of the ice tongues 
in the forty mile strip, rather than a lingering of glaciers there. This is shown by the 
thick, mature forest north of Tasntma River and in the Copper River basin near Chitina. 
Here aU forest was certainly removed at the stage of maximum glaciation, for the ice 
was thick enough to extend above the timberline. We think it unlikely that the coni- 
fers readvanced to the Copper River basin by way of the deglaciated Copper River 
canyon because of the difference of species described by Weigle. It seems more probable 
that the unglaciated territory to the westward near Cook Inlet supplied this northern 
region with conifers. The lingering of conifers at the mouth of the Copper River canyon 
during the stage of ma,ximuin glaciation was made possible by the leaving of the driftless 
area near Alaganik and of driftless areas to the west on Hinchmbrook Island, and prob- 
ably also to the east in the Controller Bay coal field, where G. C. Martin^ states that 
at the maximum stage of Bering Glacier the ice rose only 200 to 700 feet above the pres- 
ent ice surface, which we interpret as below the timberline of that period. 

The forty mile strip from which the conifers are absent is near the largest glaciers, 
and the present vegetation of the Copper River canyon is in an intermediate stage be- 
tween the Prince William Sound region, where mature forest extends up close to the 
present glaciers, and the Yakutat Bay region, where the readvancing forest near the 
ice fronts is even less mature than in the Copper River canyon. Apparently the Heney, 
Allen, Miles, Childs, Goodwin, and other glaciers of this part of the Chugadh Mountains 
advanced and destroyed the vegetation in part of the Copper River canyon at some , 
fairly recent period. We should not know of this if it was not for the absence of coni- 
fers in the forty mile strip between Tasnuna River and Childs Glacier. 

Glaciation of the Lower Copper River Region. The present stage of glaciation of the 
lower part of the Copper River valley is one where the larger side valleys are filled with 
ice tongues, projecting into the main valley and expanding there as bulbs which obstruct 
the major drainage and supply Copper River with great amounts of water and sediment. 
A former stage, perhaps repeated, involved the occupation of this mflin valley by a 

1 Personal commimication, November 21, 1912. 

» Martin, G. C., Bull, 336, U. S. Ged. Survey, 1908, p. 60. 
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great trunk gla.cier (PL CLXXXIV) to which the expanded Miles, Childs, Allen, Heney, 
and other glaciers were tributaries. This is indicated by the hanging valleys, as well 
as by oversteepened valley walls, eroded spurs, and the broadened valley bottom. 

We realize that many problems are left unsolved, and, of these, one of the most inter- 
esting is the behavior of the Copper River during earlier stages of glaciation. At present, 
with its vast volume of water and its steep grade, it is able to compete with the glaciers 
and maintain mastery, though here and there diverted and transformed to rapids in 
the struggle, and in parts of its course burdened with a load of floating ice to be borne 
away. In earlier stages the struggle for mastery between river and glaciers must have 
been difiFerent, and some records of this struggle remain, but their exact interpretation 
calls for a much more detailed study than we were able to give. 

These glaciers on the lower Copper River, and the glacial phenomena, are of more 
than ordinary interest, because of the fact that they lie along one of the highways to 
interior Alaska which promises to be of increasing importance in the immediate future. 
They will be easily accessible to the traveller from now on, and it is largely for this 
reason that we have devoted so much time to the glaciers and glaciation of the Copper 
River region, so that others may continue the work which we have merely commenced. 


Prince William Sound 

The Piedmont Olader of Prince William Sound, It is clear that at the stage of TnaYirmim 
glaciation Prince William Sound was occupied by a great piedmont glacier. It was fed 
by the expanded valley glaciers of the fiords between Port Valdez and Orca Inlet on the 
east, by the enlarged ice tongues of Columbia Bay, Unakwik Inlet, Port Wells, and 
other fiords on the north, and by the Passage Canal, Port NeUie Juan and Icy Bay Glaciers 
on the west. 

Its general extent is shown in PL CLXXXIV, a generalized map upon which no 
attempt has been made to show the complete seaward extent of this piedmont glacier. 

It covered all of the lower islands and rose high upon the slopes of the tributary fiords, 
but, on some islands, high peaks rose through it as nunataks. Naked and Peak Islands, 
which are 1200 feet high, are shown by their rounded summits to have been completely 
overridden, as were Green and Perry Islands and the more irregular Lone Island. The 
nunataks were on Montague, Knight, and Hinchinbrook Islands where there are many 
horns and needles among the summit peaks. 

The surface of the piedmont glacier may be restored in part, as is shown in the following 
table, in which some of the determinations of approximate heights of glaciation were 
made by Gilbert, some by Grant and Bflggins, and some by the National Geographic 
Society’s 1910 expedition. All altitudes are given in feet. 


Table Showing Heights op Glaciation m Prince William 

Sound 

Harriman Fiord 

4000 

Latouche Island 

2000 

Columbia Bay 

4000 

Hinchinbrook Entrance 

400 

Port Valdez 

8200 

Orca Inlet 

2800 


The points in the first column are in northern Prince WiUiam Sound, those on the 
right hand are near the Pacific Ocean, and Hinchinbrook Entrance is about midway 
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between Latouche Island on the and Orca Inlet on the east. The slope of the former 
ice surface between the northern and southern points of determination is (1) about 25 feet 
to the mile from Harriman Fiord to Latouche Island, the grade flattening in the southern 
portion and being only about 17 feet to the mile between Knight and Latouche Islands; 
(2) about 60 feet to the mile between Columbia Glacier and Hinchinbrook Entrance; 
and (3) about 50 feet to the mile between Orca Inlet and Hinchinbrook Entrance. These 
grades are not quite as steep as those of the present Malaspina Glacier and of the ancient 
ice surface of Yakutat Bay, which average 70 to 75 feet to the mile. It will be noted 
that the surface of the piedmont glacier not only sloped southward from the northern 
snowfields toward the Pacific Ocean but also inward from the eastern and western snow- 
fields to a low axis in the middle of the sound. This low axis was occupied by an ice 
stream which probably moved with some little rapidity, because it led to an outlet at 
Hinchinbrook Entrance. 

Basins and Submarine Channels. The bottom of Prince William Sound, 200 to 400 
fathoms deep, has been sculptured into basins and submarine channels by the move- 
ment of ice currents of the former piedmont glacier.^ These channels show a direct 
relationship to the tributary fiords. Our knowledge of the submarine topography is 
based upon soundings by the U. S. Coast and Geodetic Survey, supplemented by our 
own, the data being complete except for the northwestern comer of the sound between 
Knight Island and the niouth of Passage Canal — ^Port Wells. 

The largest channel (Pig. 72) leads from Columbia Bay and Valdez Arm to Hin- 
chinbrook Entrance- It is about forty miles long and 7 to 10, miles wide, with an average 
depth of 1200 to 1500 feet. As the adjacent portion of the sound has a depth of only 400 
to 700 feet it is evident thait this channel is about 800 feet deeper than the portion of 
the sound through which it passes. At its head the expanded ice streams of Valdez 
Arm and Columbia Bay formerly came in from the northeast, joining a western ice stream 
from between Glacier Island and the Naked Island group, where the Wells Bay and 
Unakwik Inlet Glaciers evidently supplied part of their ice. 

Ice streams from Port FidaJgo and from Port Gravina — Orca Bay came into the channel 
from the east and it is these that furnish proof as to the origin of this Submarine channel. 
Port Kdalgo has a hanging valley relationship to this channel as does the united Port 
Gravina — Orca Bay. The different amounts of discordance. Port Fidalgo between 600 
and 700 feet, Orca Bay 900 to 1000 feet, shows that these submerged hanging valleys 
are due to glacial erosion and that the great submarine channel itself is the result of ice 
sculpture. It also has the ice-eroded basin character, being 400 feet shallower near Hin- 
chinbrook Island than it is a few nules farther north. 

West of this channel and of northern Montague Island is a submarine ridge about ten 
nules wide and with water averaging less than 400 feet in depth. Above this ridge rise 
Naked and adjacent islands. Green Island, and a few small reefs. 

A second submarine channel leads southward from between Naked and Knight Is- 
lands to Montague Strmt, following close to the eastern shore of Knight Island. It is 
about thirty-five miles long and three miles wide and is 400 to 800 feet dwp. Its relative 
narrowness and shallowness is due to the small amount of ice which moved down it, 
most of which probably came from Unakwik Inlet and Eaglek Bay and from local gla- 
ciers on Knight Island. Its glacial origin is shown by the fact that its northern end hangs 

1 Bean, E. F., Fiords of Prince William Sound, Alaska, Unpublished thesis, Uniyersity of Wisconsm, 1011. 
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600 feet above another channel west of Knight Island, as well as by the submerged hang- 
ing valleys which it receives as tributaries from the eastern side of Knight Island. Of 
these, mention may be made of Snug Harbor, Marsha Bay, and Bay of Isles. Within 
the latter, are tributaiy coves, forming submerged hanging valleys of the second order. 

A third channel beneath the surface of Prince William Sound lies northwest of Knight 



Fig. 72 . Submamnh Topographt of Princbi Weliiam Sound. 


Island. The southern end of it leads into a fiord called Knight Island Passage. Near 
the mouths of Passage Canal and of Port Nellie Juan we lack soundings, but since the 
junction of Passage Canal and Port Wells is over 1400 feet deep and the northern known 
portion of this submarine channel is 2400 feet deep, it seems likely that in the interv ening 
seventeen miles there is either a deep channel or several deep basins between the islands. 
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The ice in this northern portion of the channel was supplied by the expanded glaciers 
of College and Harriman Fiords, Passage Canal, Blackstone Bay, and Port Nellie Juan. 
It seems probable that at the TuaxminTn stage, Esther, Culross and adjacent smaller is- 
lands were completely overridden by the glacier. 

The second portion of this channel is the deep basin north of Knight Island. It 
is at least twelve miles long and 2000 to 2400 feet deep, including not less than thirty 
square miles with a depth of 2400 feet. South of this basin the depth decreases to less 
than 1200 feet, suggesting that the depth of 2400 feet is due to glacial scooping caused 
by the obstruction to free outflow of the ice through the narrower channels to the 
southward. 

Fiords and Islands of Western Prince WiUiam. Sound. The fiord which connects directly 
with this submarine channel is northern Knight Island Passage. It is twenty-two miles 
long and 3 to 4 miles wide, with a depth of 800 to 2000 feet. When the glacier rose at 
least 400 feet above the crest of Chenega Island on the west and to a height of 2400 feet ^ 
on Knight Island to the east, the depth of moving ice in this channel was at least 8500 
to 4500 feet. We have little hesitancy in ascribing tremendous erosive power to this 
ice stream and believe that it produced the whole fiord, which has steeply-sloping walls 
and receives tributary bays like Drier Bay, which hangs over 1000 feet and contains 
submerged hanging valleys of the second order like Cathead and Mallard Bays which 
hang 214 and 264 feet respectively. * 

The eastern border of this fiord on K night Island shows much influence, both of local 
glaciers and of the ice which formerly filled the fiord. At the time of maximum glacia- 
tion in Prince William Sound, a few of the higher peaks of Knight Island probably rose 
above the ice sheet as a group of nunataks, for Grant and Higgins state^ that the island 
does not seem to have been glaciated higher than 2400 feet. The northern end of the 
island has rounded summits, but further south these give place to sharp peaks, with 
talus slopes and cirques containing snow, some of which may have been sharpened by 
the action of the local glaciers and by super-glacial weaihering, perhaps after having been 
rounded by the erosion of the Knight Island Passage ice stream. Glacial erosion has 
been effective in rounding the predominating greenstones of Knight Island and pro- 
ducing a more knobby topography than on the slate and graywacke which make up 
Chenega Island, the mountains of Icy Bay, and other parts of the mainland to the 
west. There are U-shaped troughs and well-developed cirques and hanging valleys on 
Knight Island. 

Within Knight Island Passage the shallowest portion of mid-channel, 800 to 1200 
feet, is at the northern end of Chenega Island where a glacial distributary formerly 
moved southward through Dangerous Passage, west of Chenega Island. The deepest 
portion, over 2000 feet, is southeast of Chenega Island where a smaller island and the 
incoming of the expanded glacier of Icy Bay confined the ice tongue of Knight Island 
Passage to a narrow channel, forcing it to flow rapidly and erode deeply. 

The southern portion of Knight Island Passage extends southeastward from Chenega 
Island to Montague Strait near Latouche Island. It is a fiord 4 to 6 miles wide and 
15 miles long, exclusive of the mouth of Icy Bay. The depth ranges from 800 to 1200 
feet. 

» Grant, U. S. and Higgins, D. F., Bull. 44S, U. S. Geol. Survey, 1910, p. 19. 

> Charts 8550, 8515, and 8524, U. S. Coast and Geod. Survey. 
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The cross-section of this fiord is that of a steep-sided, flat-bottomed glacial trough, 
with tributary hanging valleys. A typical submerged hanging valley on the northeastern 
side lies beneath the waters of Mummy Bay on Knight Island. The bottom of Mummy 
Bay slopes from 126 feet at the head to 522 feet at the mouth, 3J miles distant. The 
depth then increases to 1260 feet in Knight Island Passage, three-quarters of a mile 
outside. The slope above this hanging valley lip is 126 feet to the mile, whale that out- 
side is at the rate of 984 feet to the mile. Little and Hogan Bays near the south- 
ern tip of Knight Island also have submerged hanging valley relationships to the main 
fiord. 

These relationships are of especial importance in connection with the origin of the 
southeastern portion of Knight Island Passage and outer Icy Bay which Grant and 
Higgins ^ have explained as due to graben faulting. We dissent from this view and 
ascribe the straight, steep-walled portion of Knight Island Passage east of Icy Bay 
and south of Knight Island entirely to glacial erosion. There is no published evidence 
of faulting, but the passage has every characteristic of an ice-sculptured fiord. The 
critical features, however, are the submerged hanging valleys. Such forms could be 
produced by faulting, it is true, but the different discordances of the lips of the sub- 
merged hanging valleys of different sizes cannot be explained by faulting, but are per- 
fectly normal results of differential glacial erosion. 

The depth of this southeastern portion of Knight Island Passage is less than might be 
expected in view of the incoming of the expanded glaxner of Icy Bay, but is explained by 
the loss of ice through the distributary channels on the southwestern side of Enight 
Island Passage. 

Latouche, Elrington, Hoodoo, and Flemming Islands, between Knight Island Passage, 
Montague Strait and the mainland, are separated from each other and from the main- 
land by narrow fiords called Latouche, Elrington, and Prince of Wales Passages, and 
Bainbridge Passage — Port Bainbridge, the four distributary fiords which diverted part 
of the ice of Knight Island Passage from Montague Strait. Latouche Island is a moun- 
tainous island but its coast is hot so indented by minor bays and coves as Kmght Island 
is. This may be due to the difference in the country rock, Knight Island being predomi- 
nating greenstone with subordinate amounts of conglomerate, graywacke and slate, 
while Latouche Island is mostly slate and graywacke. It is separated from Elrington 
and Hoodoo Islands on the west, by a deep straight fiord. Latouche Island has its 
greatest elevations within ^ to | of a mile of the southeastern side. 

Grant and Higgins ® have stated that Latouche Island was probably nearly or quite 
overridden by the ice sheet of Prince William Sound. The intensely glaciated, steep, 
southeastern side of the island forms a striking contrast with the cirque-carved, north- 
western side previously described. 

Elrington, Hoodoo, and Flemming Islands are each about twelve miles long. All of 
them, with the exception of Flemming Island, are narrower than Latouche Island, and 
more irregular, probably because the constituent rock, the same as in Kmght Island, 
has allowed more dissection by stream and ice erosion. They also contrast in irreg- 
ularity with the peninsula between Bainbridge Passage and Icy Bay where there is 
graywacke and slate, though of a different age from ttat in Latouche Island. Elring- 

i Bull. 448, U. S. Ged. Surv^, 1910, p. 16. 

> Op. cit., p. 10. 
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ton and Hoodoo Islands arise to heights of from 1000 to 1967 feet, and Flemming Island 
is still higher. 

None of these islands have glaciers. Grant and Higgins state ^ that the Prince William 
Sound Glacier extended nearly or quite to their summits, reaching about 2000 feet on 
the border of Port Bainbridge, and extending out past the end of Elrington Island, the 
southwestemmost island of Prince William Sound. This western distributary of the 
Prince WiUiam Sound Glacier, therefore, ended in the open Pacific Ocean. 

We have not seen these islands except from a steamer in Elrington and Latouche 
Passages in 1904 and 1911, and from a launch in Knight Island Passage and eastern 
Latouche Passage in 1910; but the steep lower slopes give an impression of intense glacia- 
tion, being most abrupt on the southeastern side, as on Latouche Island. 

These steep slopes are continued below sea level, as the Coast Survey charts show.- 
These fiords all follow the strike of the rocks and are all rather simple in outline, and 
flat-bottomed. The depth of Bainbridge and Prince of Wales Passages is unknown, 
except in the southwestern end of the latter where it reaches 504 to 606 feet. This con- 
trasts with a maximum of 234 to 342 feet in the southwestern end of Elrington Passage, 
which is tributary to lower Prince of Wales Passage. The descent of 260 to 270 feet in a 
half mile of the fiord bottom suggests a submerged hanging valley relationship. This 
would be a natural result of greater glacial erosion in the broader Prince of Wales Passage, 
which leads straight from Knight Isl&nd Passage, and which doubtless had a more effec- 
tive ice stream than the narrower, crooked Elrington Passage. 

Within Elrington Passage there seems to have been differential glacial erosion, for 
this fiord, which has a right-angled tirm near the southern end, reaches its greatest depth 
in a basin 594 feet deep, just at the elbow. This is an increase of depth amounting to 
246 feet in a mile and a quarter, measured from the northeast, and 294 feet in five-eighths 
of a rmle, measured from the northwest, and suggests that the ice tongue of Elrington 
Passage eroded this deeper rock basin because its free movement was retarded at this 
sharp turn. 

Latouche Passage has two rather different parts. From Elrington Passage northeast- 
ward the depths vary from 480 to 750 feet, contrasting with the southwestern half, 
which is from 60 to 264 feet deep. This contrast suggests the possibility that before and 
after the main period of glaciation, when the ice probably streamed southwestward 
through Latouche Passage, the local glaciers from the great cirques of Latouche Island, 
most of which face the deep northeastern half of the fiord, extended out into the passage 
and supplied an ice stream which moved toward the northeast rather than the south- 
west, therefore eroding the broader northeastern part of the fiord most deeply. 

There are submerged barriers on the bottom at both ends of Latouche Passage, the 
one facing the Pacific Ocean, near Danger Island, having a roughly-crescentic shape, 
with depths of from SJ to 60 feet, in contrast with 264 feet just inside and 150 feet an 
equal distance outside. Two narrow channels with depths of 78 and 84 feet respectively 
cross this obstruction, which cxirves both ways from the low Danger Island. The shallow 
mouth of this fiord, contrasting with the d^p, open termini of the wider Prince of Wales 
Passage and Montague Strait may be due either to lack of glacial erosion here or to the 
deposition of a terminal moraine below sea level. 

1 Bull. 443, U. S. Geol. Survey, 1910, p. 10. 

* U. S. Coast and Geod. Survey, Charts 8522 and 8515. 
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The baj at the northern end of Latouche Passage has depths of 168 to 330 feet in mid- 
fiord, in contrast ■with 636 to 642 feet a half mile distant on each side. It is narro'v^ and 
straight, completely closing the mouth of the fiord excepting for a 480 foot channel 
north of the middle. It may be explained equally well as either (a) a moraine bar or 
(b) an uneroded rock ledge with a rock basin southwest of it, though its position is not 
as favorable to the latter interpretation as in the case of the bar at the seaward end of 
the same fiord. If it is a submerged moraine it might have been built at the terminus 
of a southwest-retreating local glacier, fed by the cirques of Latouche Island, or as a 
lateral moraine of the northwest-retreating ice tongue of Knight Island Passage. 

The Ice-Scul'piured Outlets of Prince William Sound. The ice of the piedmont glacier 
of Prince William Sound had three outlets to the Pacific Ocean, (1) Montague Strait 
and the four adjacent fiords alluded to in the last section, (2) Hinchinbrook Entrance, 
and (3) Ihe mouth of Orca Inlet. 

The outlet by Montague Strait, was probably the largest one. It was not as important, 
however, as it would have been had there not been four subordinate outlets. This is 
shown by the fact that this outlet was only eroded to a maximum depth of 1100 feet 
and shallows to 400 feet near the Pacific Ocean. Its width is from 5 to 6 miles and the 
deepest channel is close to Latouche Island, perhaps because of the influence of local 
glaciers on Montague Island. The southeastern slope of Latouche Island is, therefore, 
smoothed and much overateepened, sloping at the rate of 3500 to 4000 feet to the mile 
on the land. The slope continues below water at the rate of 1600 feet to the mile, beyond 
which Montague Strait has a broad, flat bottom with an equally steep ascent to Montague 
Island. This U-shape indicates that it was the work of a glacier which sculptured Mon- 
tague Strait, as do the submerged hanging valleys, for example, Hanning Bay and Macleod 
Harbor, on the southwestern side of Montague Island, which are each 132 feet deep at 
their mouths and hang 628 and 330 feet, respectively, above Montague Strait. 

The central outlet was between Hinchinbrook and Montague Islands. Hinchinbrook 
Island, which has also been called Nutcheck Island, is separated from Montague Island 
by a strait 7 to 10 miles wide, called Hinchinbrook Entrance, It has also been called 
Meiklejohn Entrance. The strait has a length of about twelve miles and is 900 to 1300 
feet deep.^ Its cross-section is a typical glacial U, for in the narrow^t part there is an 
abrupt descent of 900 feet within J to f of a mile of each shore and a flat, somewhat- 
basined bottom five miles "wide. The lower slopes of the land are similar to the slopes 
below tidewater, for example, the precipitous character of Bear Cape on the eastern side 
of Biinchinbrook Entrance north of Port Etches, which is interpreted as a result of glacial 
oversteepening. 

There are submerged hapging valleys on each side of Hinchinbrook Entrance. On 
the west are Rocky and Zaikof Bays, with maximum depths of 342 and 324 feet, sub- 
merged hanging valleys whose discordant junction ■with Hinchinbrook Passage, amounts 
to from 600 to 700 feet. 

Port Etches east of Hinchinbrook Entrance also shows a discordant relationship, hav- 
ing a submerged hanging valley lip, with a descent of 818 feet to the bottom of Hin- 
chinbrook Entrance, the water increasing in depth from 806 to 624 feet in less than one 
and one-half miles. 

1 See U. S. Coast and Good. Survey Charts, Nos. 8550, 8516, and 8520. 
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At the lighthouse east of Hinchiiibrook Entrance the glaciated ledges 185 feet above 
sea level bear striae which trend nearly due east- It is clear that these glacial scratches 
have been made by ice which came from Hinchinbrook Entrance of Prince William Sound, 
rather than from Orca Inlet to the northeast. 

The granite bowlders in the glacial till here and the striations show, not only that the 
Prince William Sound Glacier extended out into the Pacific Ocean, but that it spread 
out in a bulb as soon as it was released from the confining walls of Hinchinbrook Entrance. 
This explains the eastward trend of the striae at Cape Hinchinbrook, in contrast with 
the southward trend in Hinchinbrook Entrance, and suggests that the Pacific side of 
Montague Island may have similar striae. A search for striae on Seal Rocks, which 
rise to a height of thirty-seven feet off the mouth of Hinchinbrook Entrance would be 
of great interest, both as to whether the Prince William Sound Glacier extended this 
far into the Pacific Ocean, and, if so, as to the direction of the ice movement here. 

The easternmost outlet of Prince William Sound lies between Hiachinbrook and 
Hawkins Islands near the mouth of Orca Inlet. This outlet seems to have been of decid- 
edly minor importance, so little ice moving through it that it was not eroded below sea 
level, excepting in the narrow Hawkins Island Cut-off and the still smaller Canoe 
Passage. There was, however, strong ice movement out of the northeastern portion 
of Orca Inlet. 

The Driftless Area on Hinchiribrooh Island. At the time of maximum glaciation, the 
Prince William Sound Glacier did not completely cover Hinchinbrook Island, which 
rose through it as a nunatak. The glacial deposits, at least in the southwestern portion, 
are entirely confined to its lower slopes, a large part of the island forming a driftless 
area. 

This was determined in 1910 by observations at two poiuts near the southwestern end 
of the island. Between English Bay, a cove on the southern side of Port Etches, and 
the top of Signal Mountain, a painstaking examination revealed glacial deposits only 
on the lower slopes. The till contained bowlders of granite and other foreign material 
not present in the country rock of Hinchinbrook Island, showing that the ice which carried 
this glacial drift was not a local glacier but the great ice sheet from northern Prince 
William Sound. The glacial deposits were found upon the gentler lower slopes, with 
a thickness of 15 or 20 feet, as on the headland southwest of English Bay; and a steepened 
slope, extending up to an elevation of less than 400 feet, showed the maximum thickness 
of the glacier. At about 400 feet there is also a small hanging valley east of English Bay. 

At an elevation of 440 feet glacial deposits were entirely lackmg, as we found by ex- 
cavating through the thick peaty soil and residual deposits to bedrock. Frequent ledges 
from this point to the top of Signal Moimtain revealed absolutely no rounding or stria- 
tion, and there were no roimded pebbles excepting those traceable to certain, visibly- 
disintegrating, conglomerate ledges. The broad, rounded top of Signal Mountain, 1546 
feet high, showed clear evidence of never having been glaciated, a careful examination 
revealing no erratics, no striae, and no rounded pebbles except those from the weathered 
ledges of conglomerate. 

The second set of observations as to the height of glaciation was made at Cape Hin- 
chinbrook on the Pacific side of the island near the new lighthouse on the southwestern 
tip. The lowest slopes were without glacial deposits, because they had been cut by the 
waves into great, precipitous seacliffs. Back of the cliffs, however, glacial till was ob- 
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served up to an elevation of 200 feet and glacial lakes (PL CLXXXII) nearly up to 
400 feet, above which the absence of erratics showed that the area has not been ice- 
covered. The highest glaciated rock ledges seen were at an elevation of 185 feet, and 
these were strongly polished and striated. 

Montague Island may also be partly driftless, though not for so large an area as Hin- 
chinbrook Island, which had fewer local glaciers. 

The rolling topography of the plateau-like southwestern end of Hinchinbrook Island 
continues throughout most of the southern half of the island. From sea level in Prince 
William Sound and on the Pacific Ocean it closely simulates a glacially-smoothed topog- 
raphy (PL CLXXXin) ; but it is absolutely certain that it has never been covered by 
ice. It seems to be a part of the warped, southward-tilted peneplain, described by 
Spencer ^ and J)y Grant and Higgins,* and to owe its rounded topography to sub-aerial 
denudation. In it a few cirques of small local glaciers are cut. 

The Olaciation of the Cmtinental Shelf. In the Gulf of Alaska opposite the mouth of 
Prince William Sound there is an exceptionally wide continental shelf. Mention has 
already been made of the fact it is necessary to go 40 to 70 miles from shore before a depth 
of 600 feet is reached and that in the 56 miles between Hinchinbrook Entrance and 
Middleton Island the depth of water is only 200 to 450 feet.® 

The question naturally arises as to whether glaciation has played any part in producing 
this broad, shallow continental shelf. The shelf, itself, is, of course, a feature which ex- 
isted before and is independent of glaciation. That it may have been glacially modified, 
however, is suggested by (1) observations at Hinchinbrook lighthouse and at the southern 
end of Elrington Island which prove that the glacier from Prince William Sound once 
extended out into the the Pacific Ocean; (2) the deposits upon Middleton Island, which 
Dawson ^ has inteipreted os glacial till. This suggests that the glacier moved outward 
across the continental shelf to or beyond Middleton Island, and that the Gulf of Alaska 
once had a great, tidal ice front similar to the barriers of the Antarctic region, but not 
floating because the water was too shallow. 

It is difficult to determine whether the expanded glaciers actually pushed out to sea 
beyond the islands, glaciating the continental shelf. Aside from the glaciated condi- 
tion of Hinchinbrook Entrance, there are three facts suggesting that they did. In the 
first place there is no visible deposit which can be considered representative of the terminal 
accumulation of this long period of expanded piedmont glacier in Prince William Sound. 
The inference seems warranted that it lies beneath the sea on the continental shelf. A 
second fact, suggesting the correctness of this conclusion, is the shallowing of the water 
south of the entrance to the sound. Soundings are not numerous enough to warrant 
definite conclusions on this point, but beyond the deep entrance to the sound between 
Montague and Hinchinbrook Islands, there is a broad area of shallower water with sound- 
ings of from 120 to 240 feet and beyond that only slightly deeper water. More detailed 
soundings are necessary before the significance of this can be definitely determined. A 
third noteworthy point is the depth of the entrance between the two islands. Its depth 

» Spencer, A. C., Bull. Geol. Soc. Amer., Vol. XIV, 1003, pp. 117-182. 

» Grant, U. S. and Higgins, D. F., Bull. 443, U. S. Geol. Survey, 1910, p. 16. 

» See Chart 8602, U. S. Coast and Geod. Survey. 

4 Dawson, G. M., Notes on the Geology of Middleton Island, Alaslca, Bull. Geol. Soc. Amer., Vol. 4, 1893, 
pp. 427-431; Brooks, A. H., Bull. 642, U. S. Geol. Survey, 1913, p. 43. 
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harmonizes with the theoiy that the Prince William Soimd Glacier spread out into a 
great bulb on emerging into the sea and that it found freest passage and moved fastest 
in the narrow strait between Hinchinbrook and Montague Island and accordingly 
scoured out the passage through which it flowed. It could, of course, have produced the 
great depth in Hinchinbrook Entrance without extending beyond the islands, provided 
the ice moved through this passage long enough, or in a shorter period it the ice moved 
some distance out to sea. 

It is not absolutely clear, however, that this has taken place and that the continental 
shelf is glaciated. Our doubt is based, chiefly, upon the low limit of glaciation at Hin- 
chinbrook Island. If the ice extended only 400 feet above sea level and sloped between 
25 and 60 feet to the mile, as in Prince WiUiam Sound, it could not well have advanced 
fifty-six miles farther to Middleton Island. 

Another objection is foimd in the fact that the nature of the material from Middleton 
Island, which Dawson iuteiprets as till, is such that it might equally well be an up- 
lifted marine clay or silt, sprinkled with sub-angular, striated stones dropped by floating 
icebergs from glacier fronts in Hinchinbrook Entrance and the other outlets of Prince 
William Sound. The presence of crushed shells in the Middleton Island deposit and the 
fact of known, post-glacial uplift a short distance to the east on Wingham Island ^ sup- 
port this interpretation. 

The present conclusion therefore, regarding the glaciation of the broad continental 
shelf off Prince William Sound is that it is not certain whether the shelf has been actually 
overridden by an ice sheet or not, but that it has certainly been greatly modified through 
the former presence of glaciers, at least at the mouths of the various outlets of Prince 
William Sound. In any event, there are vast glacial accumulations on the continental 
shelf, made either by the deposition of till or of great volumes of glacial silt, supplied 
by rivers from beneath the melting ice, and distributed by the tidal currents, as at the 
Copper River delta today, with a scattering of glacial bowlders carried by icebergs. 
This silt-and-iceberg-bowlder combination is hard to distinguish from glacial till, or 
bowlder clay, unless marine shells are buried in it. 

The Old Roch Floor of Prince William Sound. In various parts of Prince William Sound 
there are rock terraces at elevations of from 40 to 100 or 200 feet above sea level. These 
were first noted by Schrader.* In 1910 we saw others, which lead us to believe that these 
are remnants of the old rock floor of Prince William Sound. Our view is that there was 
no preglacial arm of the sea on the present site of Prince William Sound, but that glacial 
erosion has excavated the whole sound on the site of a preglacial lowland, whose rock 
floor was slightly above the present sea level. This lowland may have been crossed by 
preglacial stream courses, along the lines of which the fiords and the deeper submarine 
channels were excavated much more deeply than the intermediate areas. 

This view is supported by the character of the low, flat-topped, rock terraces observed. 
On Culross Island near Passage Canal, for example, there is a low terrace which disap- 
pears to the eastward near Prince William Sound and to the westward near Culross 

1 Martin, G. C., Bull, 885, U. S. Geol. Survey, 1908, pp. 46, 64. 

% Schrader, F- C., 20th Aun. Kept., XJ- S, Geol. Survey, Part VH, 1900, p. 404; Schrader and Spencer, 
House Doc. 546, 56th Congress, 2nd session, Washington, 1901, pp. 75-76. 

Gilbert, G. K., Harriman Alaska Expedition, Vol. HI, 1904, p. 176; Grant, U. S. and Higgins, D. F., Bull, 
448, U. S. Geol. Survey, 1010, pp. 10-17. 
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Passage, where glacial erosion would have been, most effective. The low rock benches 
on both sides of Port Nellie Juan near the mouth are not completely flat-topped, but 
have gently-undulating surfaces, as if modified by glaciation. The lack of seaclifls and 
talus slopes at the backs of these terraces suggests that they are of preglacial origin 
and not uplifted, wave-cut, post-glacial benches. There are two groups of flat-topped 
islets, the first between Montague and Green Islands, the second, called Porpoise 
Rocks, in Port Etches at the west end of Hinchinbrook Island. These are in places where 
remnants of the rock floor of Prince William Sound might well be preserved, because 
they are out of the paths of the most rapidly moving ice currents of the former pied- 
mont glacier of Prince William Sound. The borders of each islet are cut into precip- 
itous cliffs, and, as they are located where wave-work adequate for such erosion is now 
impossible, these cliffs are ascribed to waves from the iceberg-discharging front of the 
retreating Prince William Sound Glacier. 

Recent Changes of Level in Prince William Sound. Mention has already been made of 
the post-glacial uplift on the continental shelf near Prince William Sound, and also a 
short distance to the east on Wingham Island, and of the shore forms near Columbia 
Glacier which Grant and Higgins ^ ascribe to recent uplift, but which we believe to be 
due to the work of iceberg waves. The latest change of level of the land adjacent to 
Prince William Sound, however, is a very slight downward movement. 

The evidence that the latest change of level was a sinking of the land has been brought 
forward by Vancouver,* Hayes,® Schrader and by Grant and Higgins.® Our own ad- 
ditional observations, made in 1910, are that there are dead trees in place and evi- 
dently killed by post-glacial submergence in three other localities. These are (1) on 
Point Countess, Flemming Island, on the southwestern side of lower ICnight Island 
Passage, (£) on the southeastern side of Green Island, and (3) at Graveyard Point on 
the northwestern aide of Montague Island. At each of these places the submergence may 
be still going on. 

These localities are 6 to miles apart and are 50 and 80 miles west of the areas of 
recent sinking on the Copper River delta and at Bering Lake, showing thS't the down- 
ward movement is widespread. On the other hand, it is extremely localized, for the areas 
of dead trees are very small and there is undisturbed, continuous forest close to sea level 
between these points of submergence, proving that there is no continuous sinking of 
the land. There is no reason for suspecting that this recent submergence in Prince 
William Sound is related to glaciation, as it probably is on the Copper River delta where 
isostasy and the loading of the seacoast with the outwash deposits of the Copper River 
glaciers may possibly explain the submergence. 

Olacial Deposits. Most of the glacial deposits in Prince William Sound are submarine. 
In discussing the several fiord regions we have already described small areas of ground 
moraine, terminal and lateral moraine, outwash gravels, and deltas on the land, as well 
as the moraine bars and other deposits which mark terminal moraines in the sea. There 

» Bull. 44S, U. S. Geol. Survey, 1910, p. 18. 

« See footnote on p. 278 in H. H. Bancroft’s History of Alaska, San Francisco, 1886. 

• Hayes, C. W., Nat Geog. Mag., Vol. IV, 1892, p. 136. 

< Schrader, F. C., 20th Ann. Rept., TJ. S. Geol. Survey, Part VH, 1900, p. 404. 

‘ Grant, TJ. S. and Higgins, D. F,, Bull. 443, U. S. Geol. Survey, 1910, pp. 17-18. 
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are scattered, small deposits of till and stratified deposits throughout Prince William 
Sound. Several typical ones are described below. 

There is a flat plain of outwash gravels extending westward from Eyak Lake to Orca 
Inlet. One knob of morainic material rises through it. In the railway cuts near Cordova 
station of the Copper River and Northwestern Railway, there are fine exposures of the 
thick stratified gravels, interbedded with lake clays. In the town of Cordova, above the 
level of this outwash plain, there are deposits of stony till and gravel of considerable 
thickness. The mantle of ground moraine near Cordova probably extends higher toward 
the head of the fiord in the mountains, and lower near Prince William Sound and the 
Pacific. 

We have no information regarding the extent of glacial deposits on Hawkins Island, 
but the relationships of the driftless area on Hinchinbrook Island suggest strongly that 
parts of this island, also, were not covered at the stage of maximum glaciation. The 
eastern end, lying in the jaws of two fiords, Orca Bay and Orca Inlet, where great glaciers 
formerly extended out from the Chugach Mountains, has probably been glaciated to 
a much greater height than Hinchinbrook Island. The glacial deposits on Hawkins 
Island, which has no igneous rock in place, include bowlders of coarse granite observed 
by Schrader and Spencer.^ The geological map by Grant and Higgins ^ shows that these 
must have come from the Chugach Mountains to the northward between Port Gravina 
and Sheep Bay. 

The low forelands on the northern sides of Hinchinbrook and Montague Islands have 
been glaciated, and, near sea level, bear thick glacial deposits, including both till and 
outwash, where we have observed them. The peninsula south of Port Fidalgo has a 
thick, flat-topped terrace of outwash gravels. 

An exposure on Latouche Island, seen by us in 1910, was remarkable for the thorough 
cementation of the till and gravel by iron and copper-bearing waters. This is about 100 
feet above sea level along the tramway between the steamer landing and the Bonanza 
copper mine. 

CoMPABisoN OF Prince Willtam Souni) anb Yakutat Bat 

Introduction. The glaciated portion of the Alaskan coast is divisible into three quite 
distinct physiographic provinces, all notably mountainous, and all supporting numerous 
glaciers, large and small. The southeastermnost of these is the irregular, fiorded coast 
below Cross Sound; the northwestemmost, which mcludes the region west of Controller 
Bay, is also an irregular, fiorded coast; and the coast between these is a straight, mountain 
coast, backed by a continuous, lofty mountain range. Yakutat Bay lies near the center 
of the latter, and Prince William Sound near the eastern end of the second province. The 
phenomena of present day glaciers and of former glaciation in these three sections pre- 
sent differences of moment and doubtless, ultimately, one of the important results of 
Alaskan glacier studies will be a consideration and interpretation of these differences. 
Although a beginning m such a comparative study might even now be made, on the 
basis of previous work by Russell, Reid, Gilbert, the United States Geological Survey, 
and others, we will not- at the present time attempt it, but will confine ourselves to a 

1 Schrader, F. C. and Spencer, A. C., Geology and Mineral Resources of a Portion of the Copper River Dis- 
trict, Alaska, House Doc. 546, 56t]i Congress, S^nd Session, Washington, 1901, p. 81. 

* PI. n, Bull. 443, U. S. Geol. Survey, 1910. 
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brief discussioa of the similaxities and contrasts of the two fields in which our own most 
detailed studies have been conducted, — ^Yakutat Bay and Prince William Sound. 

Difference in Extent of Present Qlaciera, We have no adequate records of precipita- 
tion for giving any basis whatsoever of a discussion of the comparative amount of snow 
that falls in these two areas, but there are some general considerations which lead us to 
the belief that there is less supply for glaciers in the Prince William Soimd region than 
in that of the coast further southeast. In the first place, although glaciers are numerous- 
and some of them large in the Prince William Soimd region, they do not attain the mag- 
nitude of the glaciers along the straight coast which Yakutat Bay indents. Nor are 
there any of the piedmont glaciers and piedmont bulbs which characterize the central 
regicHi from Controller Bay to Cross Sound and include such great ice bulbs as those 
of Bering, Malaspina, and La Perouse Glaciers. Another indication of the compara- 
tive weakness of the Prince William Sound type of glacier is the fact that there is not 
the same proportion of tidal glaciers as in Yakutat Bay. There are more tidal glaciers 
by actual count, but they are distributed over a far greater stretch of coast line. Further- 
more, these tidal glaciers lie far back from the coast of the open ocean nearer the heart 
of the lofty mountains from which they are fed. The tidal glaciers are less active than 
those of Yakutat Bay. The great Columbia Glacier, for example, which is comparable 
to the Hubbard of Yakutat Bay, is far less active in iceberg discharge, and Columbia 
Bay is never so clogged with floating ice as to make navigation in small boats as difficult 
as in Yakutat Bay. Another point of contrast is the fact that neither the tidal glaciers 
nor those ending on the land in Prince William Sound appear to be parts of great through 
glacier systems comparable in size with those of the St. Ehas and Fairweather regions. 
Although the valleys are ice-filled, and there are glacier passes, there does not seem to 
be the same ice-drowned topography that characterizes the region further southeast. 

These differences in the extent of present glaciation of the two regions is apparently 
due primarily to two significant facts. The first of these is the position and nature of 
the mountains. In the Yakutat Bay region the lofty mountains lie along the coast,, 
whereas in the Prince William Sound region the coastal mountains are lower and the main 
range of lofty mountains lies farther inland. The Chugach Mountains are of sufficient 
height to give rise to many and large glaciers, but not to a glacier system such as the 
massive, broad, and elevated St. Elias-Fairweather Ranges nourish. The second rea- 
son for the difference is in exposure to moisture-laden winds. In both cases the pre- 
vailing winds from the ocean reach the glacier-feeding mountains^, but in the St. 
Elias-Fairweather mountains they reach the lofty chain without any intermediate 
barrier. To reach the mountains from which the Prince William Sound glaciers are 
fed, however, the west and southwest winds must first pass over a mountainous fore- 
land on which a part of their vapor is necessarily condensed. Enough vapor still 
passes over this barrier and the glacier-supplying moimtains are lofty enough to give 
rise to many large glaciers, but not to push them out to the moimtain base, nor even to 
cause the tidal glaciers to discharge with the activity of those of Yakutat Bay. 

Contrast in Size and Form of the Inlets. In a comparison of the glaciation of Yakutat 
Bay and Prince William Sound, and especially in considering the condition of former 
glaciation, it must be borne in mind that the two inlets are notably different in both 
size and form. As to size, Prince William Sound is several times as large as Yakutat Bay. 
In each case the form is divisible into two parts, a broad outer portion, and narrow inner 
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fiords. The inner fiord portions of the two inlets present no fundamentally important 
difference excepting that while the fiord portion of the Yakutat Bay inlet is confined to 
a single fiord only moderately branched, the corresponding portions of Prince William 
Sound are numerous and some of the fiord fingers are much branched. Aside from this 
difference the fiords of the two regions are so similar that they can be characterized in 
the same general terms, as narrow, mountain-walled fiords, with steep sides, truncated 
spurs, hanging valleys, and every indication of powerful glacial erosion as the chief 
agent in their shaping. They resemble also the fiords of the Inside Passage in southeastern 
Alaska. 

Here, however, the resemblance between Yakutat Bay and Prince William Sound 
ends. In the former the single, moderately-branching fiord grades into a broadly-open, 
outer bay whose margins are formed not by mountains, but by a foreland of outwash 
gravel on one side and an ice plateau with a fringe of gravels on the other. But in Prince 
WUliam Sound a dozen fiords from north, east, and west terminate in a roughly rectangular 
inlet, mountain-walled on three sides and on the other, or ocean side, defended from the 
ocean waves by mountainous islands. 

Extent of Former Glaciation, At an earlier period, certainly at least several centuries 
ago, Yakutat Bay was completely filled with ice and a great Yakutat Bay Glacier dis- 
charged icebergs directly into the Pacific. From the evidence of the great amount of 
erosion performed and of the extensive deposits made it is clear that this period of ex- 
tensive glaciation was of long duration. Prince William Sound, also, at an earlier period, 
and presumably at the same period as in Yakutat Bay, was occupied by an extensive 
glacier. 

During the period of greatest glaciation, the branching tributary fiords of Prince 
William Sound were well filled with great glaciers and these, converging from all sides, 
coalesced in the broad sound to form an expanded ice sheet of the piedmont type, 
(PI. CLXXXTV) which crowded up against the islands which lie across the mouth of 
the sound, crept out of the openings between them, and rose above the tops of all but ' 
the westernmost islands. 

Origin of the Two Inlets, The fiord portions of both inlets as already intimated, are 
interpreted as the product of profound glacial erosion. The phenomena of glacial ero- 
sion are clear and convincing in Prince William Soimd, as they are in the fiords of the 
Yakutat Bay inlet. Long-continued, vigorous ice motion along these fiords alone seems 
capable of explaining these phenomena. 

With the outer bays the case is quite different. Outer Yakutat Bay, though doubt- 
less modified in the northern portion by glacial erosion, and in the outer portion by glacial 
deposition, has not, in the main, the features which result from shaping by glacial erosion. 
We believe that this outer bay is a part of the shallow ocean bed on the continental sheK, 
protected by glacial occupation and deepened slightly by glacial erosion while the border 
of glacial outwash gravels was being laid dovm on the eastern side. What will be the 
result when the Malaspina Glacier disappears from the western side cannot be stated, 
but it seems probable that a part of its bed will become a bay of similar origin. 

The origin of the main Prince WiUiam Sound is wholly different from this. It is a rock- 
enclosed bay. We are not in a position to state its origin with absolute certainty, though 
there are some facts of significance, pointing toward origin by glacial erosion. At first 
thought this may seem a very far-fetched hypothesis and one contrary to probabilities, 
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because of its great depth and breadth. Ice confined in narrow mountain valleys, and 
flowing through them with rapidity has quite generally been accredited with great ero- 
sive power; but ice which, emerging from narrow valleys, spreads out in a broadly-open 
depression, loses that velocity and concentration upon which effective ice erosion de- 
pends. While at first sight this seems to be a description of Prince William Sound, on 
closer study it is found to be not a strictly correct description. It is true that there are 
numerous, narrow, ice-eroded fiords, it is true that Prince William Sound is a broadly 
open depression, and it is true that there are great depths of water in it. But the ap- 
parent size of the depression is diminished by the fact that the western half is largely 
occupied by islands; and the apparent depth is less significant when it is noted that the 
deep parts are mainly, if not entirely, along rather narrow submarine channels (Fig. 72), 
in which it is a reasonable hypothesis to assume that the ice movement was more vig- 
orous than elsewhere. 

A fact of importance bearing on this problem is that the tributary valleys — the fiords — 
themselves have tributary hanging valleys at such elevations as to prove that before the 
ice invasion the main valley bottoms were well above the present sea level. This being 
the case, it is inconceivable that a few miles down their courses such valleys should 
become so deep as the bottom of Prince William Sound, for this would require an increase 
in valley depth of about 1500 feet in fifteen or twenty miles. Two hypotheses are possi- 
ble to account for such valley discordance, (1) orographic changes, (2) differential glacial 
erosion. Of the former there is not only no evidence, but there are grave difficulties in 
accounting for the peculiar distribution of excessive depths, which harmonize with valleys 
and probable direction of ice motion and show no indication of origin by folding or fault- 
ing. In favor of glacial action is the fact that the ice was here for a long time, giving a 
cause known to exist, and the harmony of depths with lines of probable ice flow- 

While we do not consider this explanation definitely established, we propose the fol- 
lowing as an hypothesis for the conditions in the Prince William Sound region. Before 
the advent of the glaciers there existed here a mountain vaUey system tributary to the 
lowland of Prince William Sound, whose bottom was then at a level unknown at preser|.t 
but probably slightly above the present sea level. The glacial occupation gave rise to 
differential ice erosion, deepening and widening the fiords, excavating rock basins, and 
eroding to variable degree throughout the main Prince William Sound, but especially 
along the lines of most rapid flowage, namely out of the fiord mouth and down the middle 
of the eastern half of the sound. We believe, therefore, that Prince Wilham Sound and 
the tributary fiords have been produced withovi sinking of the land, 

De'posits of the Expanded Olaciers. In the Yakutat Bay region the expanded glaciers 
have left us well-marked records of both their outer stand and their recession. In our 
studies of Prince William Sound we have found no such distinct records. As stated above, 
the only interpretation that we can place upon the absence of terminal deposits is that 
these lie hidden from view in Prince William Sound and on the continental shelf south 
of the mouth of the sound. 

Exi^ensive recessional gravels, like those plainly visible in Russell Fiord, are not found 
in Prince William Sound. It is possible that this apparent absence of glacial deposits 
may be due to the fact that our studies here were not extensive enough, or that the forest 
covering has obscured the evidence, though this does not seem probable. If glacial de- 
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posits are lacking in Prince William Sound, then the recession of the expanded glaciers 
of Prince William Sound was different in nature from that of Yakutat Bay. It is possible 
that when the ice supply ceased to maintain the expanded piedmont glacier near its 
outer limit the ice margin was mainly in the waters of the sound and that the marginal 
deposits were made beneath the sea. This is a problem whose solution must depend 
upon further work, and it is possible that such work will discover marginal deposits in 
parts of the region which we did not visit. 

Readvance of Glaciers, In Yakutat Bay there is clear evidence of a recent, but brief, 
great advance of the glaciers, during which they overrode but failed to completely re- 
move a series of gravels of earlier date. Before this advance the glaciers had been farther 
back than now and forests spread above where the present glacier termini stand, as well 
as throughout the fiord where the overridden gravels lie. The recent history has been one 
of retreat and the forest has not yet advanced up to the glacier fronts, although formerly 
extending beyond them. 

In Prince William Sound the glacier history has been notably different. Some of the 
glaciers are and have for some time been in recession, but even here there is no such ex- 
tensive semi-barren zone between the glacier fronts and the forest as in Yakutat Bay. 
It is inferred, therefore, that where glaciers are retreating in the Prince WiUiam Sound 
region the recession has not been as rapid or as extensive as in Yakutat Bay. We have 
found no evidence in our study of Prince William Sound of an episode of later advance 
and retreat similar to that of Yakutat Bay, although we find a suggestion of one near by 
on the Copper River. Thus we conclude that, although in the period of greatest expan- 
sion of glaciers there was a probable synchronism of advance and retreat, since that time 
the two regions have had a quite differenthistory. Theglaciers of Yakutat Bay readvanced 
notably, but those of Prince William Sound apparently did not; the recent history of 
the Yakutat Bay glaciers has been one of rapid retreat, that of Prince William Sound 
has not, and, in at least one case, while general retreat was in progress in Yakutat Bay 
notable advance was in progress in Columbia Glacier and 14 other ice tongues of Prince 
William Sound. Ultimately these faqts of difference in behavior of glaciers in different 
parts of the same coastal mountain region will doubtless have importance in interpreta- 
tion of the causes of the difference; at present, with the limited range of our facts, we can- 
not present a verified interpretation. Whether it is due to local climatic variations, or to 
difference in time of response to more general climatic variations, or to influence of earth- 
quake shaking, we cannot now determine. 

Piedmont Glaciers and Ablation Moraines, Owing to the fact that large glaciers have 
extended with abundant supply from lofty mountains out upon lower, fairly-level land 
at their base, many of the glaciers of St. Elias-Fairweather moimtams have spread out 
at the moimtain base in piedmont bulbs and ice plateaus. This condition is characteris- 
tic of such glaciers in their lower ends in the Yakutat Bay region and its neighborhood 
to the northwest and southeast. It is entirely absent from the Prince William Sound 
regions, because one of the factors which give rise to it is absent, namely the termination 
of glaciers on lower, level land. Some of the glaciers end in the fiords, and these cannot, 
of course, assume the piedmont bulb form because expansion is checked by iceberg dis- 
charge due to the attack of sea water. Others, that end on the land, are confined in 
narrow valleys, and here too lateral expansion is prohibited. It is possible that some 
glaciers from side valleys entering larger main valleys may in this region expand into 
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small piedmont bulbs as they do in the Yakutat Bay region, but we have seen no examples 
of it. La the Copper River valley, however, there are some excellent example, notably 
Miles and Allen Glaciers, which, descending from tributary valleys, expand on the broad 
floor of the Copper River canyon into true piedmont bulbs. 

Among the glaciers that we have studied in Prince William Sound, only one or two 
bore an extensive burden of ablation moraine, such as one finds so commonly in the Yaku- 
tat Bay region. This may be due partly to the lesser friability of the rocks in the vall^s 
through which the Prince William Sound glaciers fiow, but it is partly due and perhaps 
mainly, to the fact that the glacier ends are not subjected to the long-continued wastage 
of the stagnant, piedmont condition. That the latter is the main reason is suggested 
by the fact that the piedmont bulbs of the Miles, Allen, and many other glaciers of 
the Copper River whose d6bris supply is from rocks of similar character to those of the 
Prince William Sound region are mantled with ablation moraine like that upon the 
glaciers of Yakutat Bay. 

Causes of Recent Advances. As is fully stated in earlier chapters some of the glaciers 
of Yakutat Bay have undergone a remarkable, recent, spasmodic advance and transforma- 
tion, which we believe to be the result of an impulse originating in sudden and unusual 
accession of snow in the glacier reservoirs during the severe shaking which accompanied 
the earthquakes of September, 1899. No similar recent advance and transformation 
was observed in the glaciers of Prince William Sound, but Childs Glacier on the lower 
Copper River had a similar episode in 1910. 

The recent advance of the Columbia and 14 other Prince William Sound Glaciers is 
not in the same class with the advance of the 9 ice tongues of the Yakutat Bay region, 
either in rate of change or extent of the transformation. The recent advance of the 
Prince William Sound glaciers may have been a response merely to minor variations in 
dimate; or it may be a response to some period of slight earthquake shaking in the 
Chugach Mountaius. Upon this question it is at present impossible to speak with more 
definiteness, for we have a very limited series of observations of these glaciers. That 
the period of advance and recession, and that the extent and degree to which these varia- 
tions take place, are different in the two regions is to be expected. 

In order that the explanation of the variations may become established it is important 
that we have data covering a long period of years. At present our difficulty is the brief- 
ness of the period of observation, and the fact that we do not have a larger basis for 
comparison. When this work has covered a wider area and a greater number of years 
the Alaskan glaciers may be expected to give answers to some of the glacial problems not 
only of local, but of widespread and even general interest. Their activity and variability, 
their vastness and variety of form lead one to expect important results as an outcome 
of connected study of their characteristics and behavior. 


THE END 
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Claremont Glader, 374. . 

Cleave Cre^ Glader, 18, 460. 
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Cliff glaciers, 806. 

Climatic variations, 175-178, 192, 193, 195, 228, 
234, 287, 816-818, 849, 412, 484, 485. 

Coast and Geodetic Survey, 2, 6, 8, 17, 48, 217, 218, 
224, 249, 260, 254-266, 267, 290, 803, 870, 383, 
884. 386, 887, 465, 470, 474. 

Coast Pilot, 217. 

Cochrane Bay, 361, 368-369, 

College Fiord, 286, 296-818, 349. 

Collier, A. J., 20. 

Columbia Glacier, 14, 193, 106, 196, 214, 239, 240, 
263, 267-288. 

Colombo Glacier, 11. 

Concordia Glacier, 357, 869. 

Confluence step, 342, 367. 

Consequent glaciers, 16. 

Contact Glacier, 871. 

Continental ice sheets, light on, 22. 

Continental shelf, glaciation of, 477-478, 

Cook, Frederick, 16. 

Cook, James, 382. 

Copper Center, 316, 817. 

Copper Glacier, 12. 

Copper Eiver, 388, 409, 413, 481-432, 446. 
alluvial slope west of, 468-464. 
deposits of, 461-462. 
depth of, 469. 
details regarding, 469-461. 
fiord, 468. 

glaciers and glaciation of, 232-236, 461-469. 

glaciers near headwaters of, 11, 16. 

glaciers of lower, 13, 232-236, 389-450. 

grade of, 462, 467. 

summary of glaciation of, 468-469. 

velocity of, 469, 460. 

volume of, 460. 

width of, 459. 

Copper Biver and Northwestern Bailway, 404, 405, 
419, 433, 438, 446, 457, 46^r-466. 

Copper Biver canyon, 282, 234, 414, 439. 

between Chitina and Taanuna Bivers, 461-466. 
between Tasnuna Biver and ChildB Glader, 
466-458. 

extent of glacier studies in, 236-236. 
general view of glaciers of, 282-286. 
geology of, 238. 
readvanoe of gladers of, 484. 
south of Childs Glacier, 468. 

Copper Biver delta, 232, 234, 394, 468-466. 
glaciers near, 889-894. 
submergence at, 462-463. 

Corbin Glacier, 237, 240, 248, 249. 

Cordova, 234, 886, 480. 

Comice glaciers, 198-199. 


Corser, Caleb, 433, 446. 

Cotterell Glacier, 871, 374. 

Coville, F. V., 68, 278, 320. 

Coxe Glacier, 320. 

Crammer, Hans, 226. 

Cross Sound, glaciers near, 9. 

Crescent Glacier, 206, 308, 309, 311. 

Culmer, H. L. A., 890. 

Culross Island, 472, 478. 

Cuhoss Passage, 361, 369, 870. 

Curtis, E. C., 269. 808, 321. 

Curtiss, F. H., 14. 

Cushing, H. P., 7. 

Cycle of change in Galiano Glacier, 89. 

B 

Dadina Glacier, 12. 

Dali, W. H., 2, 10, 14, 17, 18, 19, 20. 47, 48, 416. 
Dalton Glacier, 93. 

Dalton, John, 93. 

Dartmouth Glacier. 296. 808, 309, 312, 813. 
Davidson, George, 2, 6, 6, 7, 8, 13, 17, 18, 46, 46, 
108, 217, 233, 236, 239, 267, 289, 297, 868, 871, 
378. 

Davidson Glacier, 1, 6, 7. 

Davis, W. M., 218. 

Dawes Glacier, 8, 4. 

Dawson, G. M., 3, 18, 19, 20, 477, 478. 

Days Harbor, glaciers of, 14. 

Delta, in Seal Bay, rate of growth, 169. 

Delta, of Copper River, 468-466. 

Delta Biver, glaciers near, 16. 

Deltas, soundings near, 224. 
de Margerie Glacier, 8. 

Denver Glacier, 6. 

Deposits, marginal, 211-212. 

Deposits of piedmont glaciers, 226. 

Detached Glacier, 319, 332, 833. 

Detached ice, of Miles Glacier, 426. 

Devils Thumb, glaciers near, 8. 

Dewey Creek, hanging valley near, 462. 

Dezadeash valley, 194. 

Diastrophic hypothesis, 196. 

Dickey, W. A., 16. 

Dirt, or Mud Glacier, 3. 

Dirty Glacier, 819, 386-^6. 

Disenchantment Bay, 26. 

soundings in, 218. 

Dixon, explorations by, 217, 382. 

Doidek River, glaciers near, 11. 

Doroshin Glacier, 14. 

Downer Glacier, 299, 800. 

* Dnftless area, near Alaganik, 466-467. 

Driftleas area, on Hinchihbiook Island, 470~477. 
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Drop Glacier, 12. 

Dunn, Bobert, 12, 16. 

E 

Eagle Glacier, 5. 

Eaglek Bay, 2G6. 

Bakin, H. M., 18, 20. 

Ear Mountain, glaciation of, 20. 

Earthquake advance theory, 168-197. 

Earthquake avalanche supply, theory of, 180-181. 
Earthquake avalanching, 89, 200. 

Earthquake hypotheses, untenable, 179-180. 
Earthquake hypothesis, application to former 
greater expansion of glaciers, 194-107. 
Earthquakes, 5, 9, 173, 228, 231, 287, 849, 411, 412, 
484, 486. 

effect on glaciers, 38, 140-141, 172, 198, 315- 
318. 

Egerton, H. G., 5, 8. 

Eldridge, G. H., 5, 16. 

Elevated beaches^ 222. 

Elevation and tilting, hypothesis of, 178-179, 

Eliot, Charles W., 298, 

Eliot Glacier, 298. 

Eliza, Don Francisco, 289. 

EUamar, 234. 

Ellis, Carlyle, 399. 

Elrington Island, 473. 

Ellington Passage, 473, 474. 

Emerson, B. K, 233. 

Endicott Arm of Holkham Bay, glaciers in, 4. 
Endicott Mountains, extent of glaciation in, 1, 19. 
Eskers, origin oF, 227. 

Esker Stream, 71. 

Esther Island, glaciation of, 341, 472. 

Esther Passage, 296. 

F 

Fairbanks district, glaciation near, 18. 

Fairfield Harbor, glaciers of, 14. 

Pairweather Bange, 26. 

earthquake avalanching in, 193. 

glaciers east of, 7. 

glaciers on Pacific coast of, 9. 

Fallen Glacier, 166-167. 

Falling Glacier, 374. 

Ferebee Glacier, 5. 

Femow, B. E., 238, 847. 

Pickett, P. W., 892. 

Pickett Glacier, 892, 467. 

Fidelgo, explorations by, 235, 289, 382. 

Fidele Glacier, 16. 

Filippi, Filippo de, 49. 

FinsterwaJder. S., 176, 182, 818. 

Fiord, filled by d^osition, 887-888. 


Fiords, 4, 210-221, 255, 284-285, 298-296, 809- 
812, 341-842, 357-858, 867-^868, 388-884, 806- 
387, 458, 472-475, 488. 

Fish Commission, 9, 10, 93, 109, 114. 

Flag Point, precipitation at, 412. 

Fleishmann Glacier, 16. 

Flemming Island, 473, 479. 

Flood Glacier, 8. 

Florence Peak, 232, 285, 262. 

Flowage and fracture in ice, 184. 

Flowage, zone of, 444. 

Forel, A., 818- 

Forest on Malaspina Glacier, 44. 

Forest Service, 468. 

Fort Liscum, precipitation at, 176, 284, 285, 287, 
316, 317. 

Fosse, 148-149, 156, 159. 

Foster Glacier, 5. 

Fourth Glacier, 11, 84, 160-164, 202, 227. 

Fracture and flowage in ice, 184. 

Frederick Sound, glaciers near, 8-4. 
glacial erosion in, 4. 

Frederika Glacier, 12, 192. 

advancing ice tongue near, 198. 

Fremantle Glacier, 257. 

G 

Gakona Glacier, 15. 

Galiano Glacier, 24, 80-90, 169, 172, 177, 179, 204, 
205, 207, 210, 228. 

Gannett, Henry, 87, 115, 187, 141, 146, 147, 161, 
2SS, 286, 297, 299, 807-810, 819, 320, 822, 824, 
328, 332, 888, 334. 

Garrison Glacier, 6. 

Geikie Glacier, 7. 

Geological Survey, U. S., 21, 23. 

Gerdine, T. G., 16, 286, 242. 

Gilbert, G. K., 1, 2, 7, 8, 9, 14, 19, 20, 23, 86. 98, 
90, 108, 109, 110, 114, 116, 133, 187, 141. 142, 
146, 148, 149, 151, 152, 169, 168, 190, 192, 216, 

217, 222, 228, 226. 233. 286, 268, 259, 260, 263, 

204, 205, 260, 268, 269. 270, 276, 277, 278, 280, 

281, 282, 283, 286, 287, 297, 801, 802, 804, 806, 

806, 807, 308, 809, 813, 316, 820, 822. 326, 833, 

884, 336. 336, 338, 841, 347, 348, 469, 478, 480. 

Glacial deposits, . 286-286, 312-313, 343-346, 868- 
860, 384, 461-462, 479-480, 488-484. 
submerged, 221-226. 
vegetation in, 227. 

Glacial drift, section near Columbia Glacier, 286. 

Glacial erosion. 4, 226, 284r-286, 298-296, 809-312, 
841-343, 867-868, 367-868, 388-884, 386-887. 

below sea level, 140, 216-221, 284r-286, 200, 
809-8111, 842-348. 
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Glacial lakes, 477, 

Glacial Period, 229. 

Glacial silts, 46^66. 

Glacial streams, details regarding, 459-461. 

Glaciation, 

causes of existing, 27. 
extent of former, 1. 
extent of present, 1. 

height of, 286, 841, 888, 386, 458, 456, 460, 
472, 476, 477. 
of Alaska, 2(HB1. 

Glacier Bay, glaciers of, 7-0. 

former expansion of glaciers in, 195. 

Glacier flood hypothesis, 80, 168-197. 

Glacier highways, 11, 185, 160, 241, 862. 

Gladera, advancing, 87-40, 46-48, 61, 54-67, 64, 
71-78. 84-86, 96, 98-100, 110-118, 119-121, 189- 
140, 162-168, 191-198, 248. 268-282, 287-288, 291, 
209, 801-805, 807-808, 884, 836, 864-866, 377, 
400-409, 411-412, 428, 487-488, 445, 449-460. 
ineffectiveness of weak, 226. 
of Alaska, 1-22. 
piedmont. 225-226. 
relation to mountains, 1. 
southernmost seen from steamer, 4. 
termini, 201-204. 

Glave, E. J., 10. 

Glenn, E. F., 13, 14, 286, 294, 297, 300, 807, 819, 
821, 822, 840, 861, 862, 866, 870, 875, 876, 879. 

Goode, B. IJ., 2. 

Goodwin Glacier, 392r^98, 468. 

Graben faulting, 478. 

Grand Canyon of the Cobrado, comparison with, 
451. 

Grand Pacific Glacier, 7, 8, 10, 109, 198. 

Grand Plateau Glacier, 10. 

Grant, XJ. S.. 15, 288, 286, 237, 248, 247, 260, 261, 
252, 264,269, 268, 264, 266,266, 267, 268, 269,270, 
276,278, 279,286, 286. 287, 290, 291, 297, 298, 299, 
801, 802, 807, 808, 811, 814, 820, 828, 824, 828, 

829, 880, 882, 888, 884, 886, 836, 887, 838, 340, 

842, 846, 848, 861, 854, 855, 856, 860, 861, 862, 

803, 865, 869, 870, 871, 872, 378, 874, 875. 876, 

877, 879. 880, 881, 883, 884, 885. 386, 389, 451, 

409, 472, 473, 474, 477, 478, 479, 480. 

Gravels, see index under outwaah. 

Great Glacier of the Stfldne Biver, 8. 

Greely, A. W., 2, 5, 250. 

Green Island, 460, 479. 

Grewingk C., 285, 896, 416, 428, 440. 

Grewingfc Glacier, 14. 

Grinnell Glacier, 411, 412, 414, 415, 484Hi88, 445, 
467. 


Gulkana Glacier, 15. 

Guyot Glarier, 41, 46, 49, 50, 51. 

H 

Haenke Glacier, 08-101, 169, 172, 178, 182, 184, 
187. 

Hamilton, E. G., 868. 

Hanagita vaUey, 454. 

Hanagita Watergap, 454, 455. 

Hanging Glacier, 142, 144. 

Hanging vaUeys, 202, 219-221, 253, 254, 298, 805, 
809-810. 842, 367, 880, 898, 485, 450, 452, 458, 
457, 458, 472. 476. 

Harriman Expedition, 8, 9, 14, 20, 28, 86, 87, 58, 
146, 151, 169, 210, 217, 236, 260, 267, 208, 297, 
801, 302, 308, 820, 822, 826, 828, 880, 882, 834, 
885. 

Hatriman Fiord, 235, 319-850. 
smaller glaciers of, 886-887. 

Hairimon Glacier, 810, 820, 884-885, 861. 

Harvard Glacier, 14, 206, 298-209, 807, 809, 821. 

Harvard University, 208. 

Harvey Glacier, 16. 

Hawkins, E. C.. 899, 414, 487, 462. 

Hawkins Island Cut-off, 476. 

Hawkins Island, glaciation of, 381, 480. 

Hayden Glacier, 42-48, 58, 75. 

Hayes. C. W., 4, 11, 12. 18, 20, 21. 192, 288, 286, 
807, 400, 417, 419, 429. ^84, 485, 437, 441, 479. 

Hayes Glacier, 16. 

Headwater erosion, 454. 

Hegg, E. A., 809, 400, 419, 429, 485, 437. 

Hello Bay, glaciers near, 17, 

Hendrickson Glacier, 166, 166, 100, 172, 

Heney Glacier, 205, 210, 411, 412, 489, 445, 446- 
452, 467, 469. 

Herbert Glacier, 5. 

Herron Glacier, 16, 

Hereon, J. S., 16, 851, 868. 

Hershey, 0. H., 19. 

Hess, H., 182. 

Hidden Glacier, 10, 11, 108, 146-169, 168, 171, 172, 
179, 182, 188, 184, 187, 198, 104, 196, 197, 201, 
208, 227, 280. 

Higgins, D. F., 15, 233, 286, 248, 251, 254, 259, 264, 
265, 266, 269, 270, 279, 285, 286, 287, 290, 297, 

299. 807, 808. 811, 820, 828, 324, 828, 829, SSO. 

382, 383, 384, 885, 337, 340, 842, 845, 848, 351, 

355, 866. 860, 861, 863, 806, 860, 370, 871, 373, 

874, 876, 876, 377, 380, 381, 888, 884. 886, 889, 

461, 460, 472, 473, 474, 477, 478. 479. 480. 

Higginson, Ella, 5, 259. 

Hill, C. E., 11. 

Himalayas, advance of glaciers in, 168, 191. 
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Hinchinbrook Entrance, 475, 477. 

Hinchinbrook Island, 

driftless area on, 470-477. 
gladation of, 381-382, 469, 480. 

Hobbs, W. H., 391. 

Hodzana Highland, gladation of, 19. 

Hogback Glader, 237. 

Holkham Bay, glader in, 4. 

Holt, C. G., 396. 

Holyoke Glader, 300, 300. 

Hoodoo Island, 478, 

Hubbard Glader, 11, 101-115, 171, 172, 173, 188, 
104, 196, 197, 201, 202, 203, 204, 212, 213, 215, 
216, 221, 222, 230. 

Hugh Miller Glader, 7. 

Hunter, J., 3. 

Hutli Bay, icebergs in, 4. 

Hypothesis, glader flood, 184-187. 
of climatic Yariation, 175-178. 
of elevation and tilting, 178-179. 
of Gilbert, dimatic, 102. 
of response to ablation, 178. 
of submergence, 195. 
untenable earthquake, 179-180. 

I 

Icebergs, 3, 94, 102-103, 186, 212-214, 216, 267, 
405, 480, 478. 

Icebergs, evidence of conditions in bottoms of gla- 
ders from, 188-189. 

Iceberg waves, 218, 897, 401-405. 

Ice blocks, buried, 227-228. 

Ice flood hypothesis, 168-197. 

Ice jam of June, 1910, 214-216. 

Icy Bay, 

of Prince William Sound, 285, 374-380. 
the new, 50-^1, 216. 
the old, 45, 46. 

Ipy Strait, gladers near, 9. 

IliamTia Lake, gladers near, 17. 

Innoko district, glaciation in, 18. 

Interior flats, 62, 76, 78-79, 118-119, 123, 124-125, 
180, 209-211, 434, 486-437, 442-448, 448-449. 
International Boundary Surveys, see Boundary Sur- 
vey. 

International Committee on Glaciers, 181-182. 
Litemational Geological Congress excursion, 8, 24, 
96, 103, 118, 140, 159, 219. 

Islands of Prince William Sound, gladers on, 880- 
882. 

Isostasy, 479. 

J 

Jacksina Glader, 12. 

Jagger, T. A., 18. 


Jarvis Glader, 6. 

Johansen, A. 0., 250. 

John Biver valley, dying glader in, 19. 

Johns Hopkins Glader, 7. 

Johnson, A. 0., 286, 803, 809, 401, 402, 408, 480, 
431, 432, 460. 

Johnson, B. L., 888. 

Johnson Glader, 393-894. 

Johnstone, Lieut., 235, 364, 882. 

K 

Kahiltna Glader, 16. 

Kame moraine, 150. 

Karnes, 227. 

Keskawulsh Glader, 11, 101, 194. 

Katnud Pass, gladers near, 17. 

Katz, F. J., 14, 17. 

Keeler, Charles, 233. 

Keen, Dora, 12. 

KeUy, L. S., 351, 363. 

Kenai, 816, 317. 

Kenai Mountains, 232, 371. 

Kenai Peninsula, gladers of, 14-15. 

Kennicott Glader, 12, 411, 

Kettles, 149-150, 151, 156, 168. 

Khromtchenko, Lieut., 108, 

Kialagvik Bay, gladers near, 17. 

Ejgluaik Mountains, gladation of, 20. 

EjUisnoo, predpitation at, 176. 

Kings Glader, 374. 

Klondike district, gladation near, 18. 

Klotz, Otto, 3, 4, 5, 8, 9, 10. 

Klutena Glacier, 238. 

Klutlan Glader, 11. 

Kluvesna Glader, 12. 

Knapp Glader, 6. 

Knight Island, 469, 478. 
gladers on, 880. 

Knight Island Passage, 472, 474. 

Knik Glader, 18, 14, 819. 

Knob-and-baain topography, 285, 

Knopf, A., 5, 9, IS, 14, 15. 

Kobuk Biver, glaciation of, 19. 

Kodiak Island, gladation of, 14. 

Koehler, R. A., 897, 418, 419. 

Krause, Arthur and Aurel, 6. 

Kuskokwim valley, glaciation in, 18, 21* 
Kuakiilana Glader, 12. 

Kwik River, 43, 56, 227. 

L 

La Goroe Glader, 446, 457. 

La Gorce, J. 0., 446. 

Lake Clark, gladers near, 17. 
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liftlcg Lindemaim, glaciefs near, 6. 

Lakes, marginal, 222r-223, 279, 283, 448-449. 
Lamplugh, G. W., 7, 8. 

Langdon Glacier, 374 
La Ferouse Glacier, 9, 193. 

La Ferouse, Captain, 10, 217. 

Lateral moraines, 813, 325-827, 328, 820. 

Latouche Island, glaciation of, 381, 473, 475, 480. 
Latouche Fassage, 473, 475. 

La'va flows, near Blue River, 3. 

Lawrence Glacier, 856, 859. 

Leamard Glacier, 365, 866. 

Leamard, H. G., 351, 363, 865. 

Le Blondeau Glacier, 6, 7. 

Le Conte Glacier, 8, 4. 

Leduc River, glaciers near, 2. 

Lemon Creek Glacier, 5. 

Leslie Glacier, 6. 

Lewis. W. B., 37, 244, 259, 808, 899, 420. 

Libbey Glacier, 51. 

Libbey, William, 47, 48. 

Lion’s Head Mountain, glaciers on, 5. 

Little Glacier, of Stikine River, 3. 

Lituya Bay, glaciers in, 10, 198. 
lave Glacier, 257. 

Llewellyn Glacier, 5. 

Lobes of Malaspina Glacier, 41-42. 

Loess, 456. 

Logan Glacier, 12, 198. 

Lone Island, 469. 

Long Bay, 296. 

Long Glacier, 12. 

Lowe, lieut., 236. 

Lowell, A. Lawrence, 298. 

Lowell Glader, 298. 

Luda Glader, 59-69, 170, 171, 172, 178-179, 185, 
187, 201, 204, 205, 210. 

Lynn Canal, gladers east of, 5-6. 
gladers near head of, 6. 
glaciers west of, 6-7 

M 

McCarty Glader, 165, 166, 169, 172. 

McConnell, R. G., 11, 18, 194, 195. 

McCune Glader, 447, 450. 

McGillivray, Capt., 216. 

McEonley Lake Glader, 467. 

McPherson Glacier, 893, 467. 

McPherson, J. L., 898, 398, 400, 402. 

Maddren, A. G., 10, 12, 18 19, 233. 

Mahlo, Emil, 236, 241, 250, 257, 883. 

Malaspina, Don Alessandro, exploration by, 108v 
soundings by, 217, 218. 


Malaspina Glacier, 82-83, 41-58, 170, 172, 178, 180, 
188, 184, 186, 192, 198, 201, 204, 205, 225. 
area of, 41. 

early observations of, 45. 
later observations of, 48-49. 
native legend of advance of, 47. 
possible great advance of, 45-48. 
relations to snow line, 43. 

Topham’s map of, 50. 

Manson, M., 6. 

Marginal d^osits, 211-212. 

Marginal drainage, 63, 154-155, 271, 278, 282, 836, 
360, 405, 419, 441-442, 446. 

Marginal lake in Russell Fiord, 222. 

Marine shells, 274, 279, 287. 

Marquette Glader, 356, 359. 

Martin. G. C., IS. 14, 17. 894, 463, 468, 478. 

Martin River Glader, 18, 894, 463. 

Marvine Glacier, 42, 68-58, 169, 170, 172, 178, 
179, 180, 183, 184, 207, 227. 

Marvine lobe of Malaspina Glader, 53. 

Matanuska Glader, 18, 14, 298. 

Mathys, F., 14. 

Meade Glader, 5. 

Mearea, Capt., 382. 

Meares Glader, 289, 292, 808, 817. 

Medial moraines, inclined, 298. 

Meehan, Thomas, 7. 

Meiklejohn Entrance, 475. 

Mendenhall Glader, 5. 6. 

Mendenhall. W. C., 12, 13, 15, 16, 18, 19, 238, 297, 
299, 307, 812, 320, 321, 844, 851, 855, 862, 868, 
366, 454. 

Mentasta Mountains, gladers of, 15. 

Meiriam, C. Hart, 286, 808, 310, 820. 828. 
Middleton Island, 477, 478. 

Miles Glader. 205, 210, 893, 395, 412, 418, 414- 
434, 467, 468, 469. 
precipitation at, 412. 

Mfles Lake, 424-425. 

Miller, C. R., 98. 

MOler Glader, 98-99, 172. 

Milton Glader, 357, 859. 

Milwaukee-Downer College, 800. 

Mississippi River, comparison with, 460. 

Mitkof Idand, ddta built by gladal stream near, 3. 
Moffit, F. H., 12, 15, 16, 20, 284, 286, 899, 419, 
429, 484, 487. 

Montague Island, gladers on, 881, 469, 477, 479. 
Montague Strait, 475. 

Moraine bars, 294, 295, 812, 818, 328, 344, 345. 

846, 358-869, 476. 

Moraines, ablation, 205-211i 

Moraines below sea level, 277-278, 294-296. 
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Moiame terracefl, SIS. 

Moi&e, Premont, 8, 8, 10, 27, 100. 
Mountains, relation to glaciers, 1. 

Mt. Bladkbum, glaciers on, 12. 

Mt, Covffle, S20. 

Mt. Curtis, S21. 

Mt Douglas, gladm on, 17. 

Mt Drum, gladers on, 12. 

Mt. Emerson, 820. 

Mt Eairweather, 0. 

Mt Gannett S19. 

Mt Gilbert 2S2, 819. 

Mt Grant 298. 

Mt. Hawkins, 414. 

Mt Hs^^es, gladers near, 16. 

Mt Diamna, gladers near, l&'l?. 

Mt. Isanof, gladers on, 17. 

Mt. Kimball, gladers near, 15. 

Mt. McKinley region, gladers of, 16. 

Mt. Makushin, gladers on, 17. 

Mt Muir, 819. 

Mt Redoubt gladers near, 16-17. 

Mt St. Augustine, glaciers on, 17. 

Mt St. Elias, gladers near, 11. 

Mt. Sanford, gladers on, 12. 

Mt Shisbaldin, gladers on, 17. 

Mt. Sumdum, gladers near, 4. 

Mt Wrangell, gladers on, 12. 

Movement of Childs Glader, rate of, 401. 
Mud, or Dirt Glader, 8. 

Muir Glader, 6, 7, 8, 9, 76, 109, 198, 468. 
Muir, John, 2, 8, 4, 5, 7, 8, 9, 19, 288, 847. 
Muldrow Glader, 16. 

Muldrow, Robert, 16. 

Murchison, S., 891, 400. 

N 

Nabesna Glader, 12. 

Nadina Glader, 12. 

Nagaief, e^lorations by, 285, 416. 

Naked Island, 469. 

Nassau Fiord, 875. 

Nellie Juan Glader, 871-872, 873. 

Netland, L., 10. 

N4v6-sbeathed slopes, 809, 384, 861, 446, 
Nisqually Glader, 396. 

Nizina Glader, 12. 

Nordenskiold, A. E., 19. 

Norris Glader, 4, 5. 

Northland Glader, 857, 859. 

Nuchek, precipitation at 284. 

Nuka Bay, gladers of, 14. 

Nunatak Fiord, 25, 218, 221. 


Nunatak Glader, 10, 11, 108, 109, 181-141, 144, 
168, 171, 172, 198, 194, 196, 197, 199, 200, 201, 
202, 208, 204, 212, 216, 227, 280. 

Nunataks, 62, 65, 282-28S, 469, 472, 476. 

Nutchek Island, 475. 

Nutzotin Mountains, gladers of, 15. 

0 

O’Connor Glader, 11. 

Ogavie. N. J., 8, 140, 141. 

Oklune Mountains, gladers in, 19. 

O’Neel, A. C„ 895, 899. 

Orange Glader, 107, 116, 126-128, 197, 200, 222. 
Orca Bay, glaciation of, 385-888. 

Oica Inlet gladation of, 885-^888, 458, 465, 476. 
Orca, precipitation at 284, 412. 

Orlebar Glader, 8. 

Osgood, W. H., 17. 

Outwash gravels, 227, 813, 426, 448, 452, 455, 457, 
458, 459, 461-462, 468-464, 480. 

Overlapping spurs, truncated, 458. 

Overridden gravels, 151-152, 166. 

P 

Pacific Mountains, gladation of, 21. 
gladers in, 1. 

Paige, Sidney, 18, 14, 297, 802, 820, 828, 824, 880, 
885, 886, 837. 

Palache, Charles, 288, 281. 

Parker, H. C., 16, 

Passage Canal, 285, 851-369. 

Patterson Glader, 8, 4, 198. 

Pavlof Mountain, gladers on, 17. 

Peak Island, 469. 

Pedro Glader, 292, 298, 205. 

Pdagrini, Jos^h, 51. 

Penck, A., 228. 

Peneplain, 477. 

Perkins, G. W., 870, 875, 876, 877. 

Perry Island, 469. 

Peters Glader, 16. 

Peters, W. J., 19, 

Petioff, Ivan, 2, 235, 240, 259, 287, 851, 868, 864, 

888 . 

Piedmont bulbs, 81, 204-205, 225, 226, 254, 290, 
415, 484-185. 

Piedmont gladers, 44-45, 40, 59, 225, 226, 484-485. 
Piedmont Glacier of Prince William Sound, 469- 
470. 

Pigot Glader, 889, 340. 

Pitted plains, 149-150, 158, 159, 227. 

Pleistocene glaciatioxi, 20. 

Pluckiiig, 841, 457. 

Pomt Manby, former advance near, 5i&-58. 
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Point Bdou, 

Popoff Glacier, 8. 

Porcupine district, gladation in, 8. 

Porpoise Rocks, 479. 

Portage Bay, 851, 861-868. 

Portage Bay, cascading glacier in, 867. 

Portage Glacier, 36^-866. 

Port Bainbridge, glaciers of, 14, 379, 473. 

Port Dick, glaciers of, 14. 

Porter, R. W.. 10, 851. 

Porter, W. P. S., 375. 

Port Etches, 476. 

Port Fidalgo, 240, 885^-384. 

Port Gravina, 384-885, 468. 

Portland Canal, glaciers near, 2-3. 

Portlock, Nathaniel, 236, 870, 375, 377-878. 

Port Nellie Juan, 235, 870-871, 479. 

Port Valdez, 234, 237, 254-266. 

Port Wells, 240, 296, 839-850, 361. 

Precipitation, 1, 27, 176-176, 234, 316, 412. 

Prince of Wales Passage, 478, 474. 

Princeton Glacier, 876, 376-877. 

Prince William Sound, 

cause of recent advance of glaciers of, 486. 
climate of, 284. 

comparison with Yakutat Bay, 480-486. 
depth of, 284. 

extent of former ^adation in, 482. 
extent of glader studies in 236-286. 
extent of present gladers in, 481. 
fiords and islands of western, 472-475. 
general description of, 232-288. 
general view of, 282-236. 
geology of, 283, 

gladal deposits in, 479-460, 483-484. 
gladation of, 469-480. 

Raders and gladation of, 18. 14, 232r-236. 

Raders of eastern, 882-S8B. 

gladers on the islands of, 880-382. 

grade of andent glader of, 470. 

ice-sculptured outlets of, 476-470. 

lack of expansion of glaciers in, 196. 

minor gladers of, 370-888. 

old rock floor of, 478-479. 

origin of, 482-483. 

piedmont glader of, 469-470. 

recent changes of level in, 470. 

size and form of, 481-482. 

snow-line in, 235. 

tidal gladers in, 286. 

Frindle, L. M., 18. 

Push moraine, 164, 264, 270-274, 279, 299. 80S, 
808, 318, 404, 436. 


Q 

Quillian, C. G., 61. 

R 

Rabot, C., 318. 

RaddiQe Glader, 298, 299. 321. 

Rafferty. J. J., 397, 898, 418, 419, 441. 

Ragged Mountain, gladers near, 18, 

Railway bridge, relation of gladers to, 404, 406, 488. 
Railway, relation of Allen Glader to, 446. 
relation of glacial streams to, 466. 
relation of Giinnell Glader to, 438. 
relation of Heney Glader to, 448. 
relation of Sheridan Glader to, 464. 
relation of Spencer Glader to, 404. 

Rainbow Glader, 8. 

Rainy Hollow, or Sullivan Glader, 7, 198. 

Raised beaches, 222. 

Jftanney Glacier, 290, 292, 298. 

Rasmussen Glacier, 166, 166, 169, 172. 

Hearbum Glacier, 16. 

Recession, rate of, at Nunatak Glader, 187. 
Reconstructed glader, 880. 

Redoubt Bay, glader near, 17. 

Regal Glader, 12. 

Rdd Glader, 8, 9. 

Reid. H. F., 4, 6, 7, 8, 195, 318, 480. 

Rdd, Maude D., 412. 

Rendu Glader, 7, 8, 103. 

Rendu Glader, advancing ice tongue near, 193. 
Resurrection Bay, gladers of, 14. 

Rice, J. F., 241. 

Rich, J. L., 87. 

Ripon Glader, 856, 856, 367, 359, 861. 

Ritter, H P., 392. 

Roaring Glader, 819, 886. 

Robinson Hills, new Icy Bay near, 61. 

Rock basinB, 470-472. 

Rocky Mountains, gladers of, 19-20, 21. 

Rohn Glader, 12. 

Rohn, Oscar, 12, 286. 

Root Glader, 267. 

Round Top, glaciers on, 17. 

Russell Col., view from, 27-28. 

Russell Fiord, 26. 

former lake in, 108-190, 194, 107, 222-228. 
small gladers southeast of, 10. 
soundings in, 218. 
submarine moraine in, 222-223. 

Russell Fiord Glader, 194. 

Russell Glader, 11, 12. 
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RuaseU, L C., 2, S, 5, 0, 7, 18. 20. 28. 28. 81, 36, 46, 
46, 47, 48, 51, 62, 68. 69, 60, 62, 69, 71,. 81, 82. 
01, 93, 96, 108, 109, 110, 114, 116, 181, 186, 186, 
141, 146, 161, 169, 174, 190. 191, 192, 200, 204, 
216, 217, 222, 228, 228, 480. 

RufifflQA e]q)Iorer8. 217, 286, 240, 416. 

Huth GladeTi 16. 

S 


Saddlebag Glader, 892, 467. 

St. Elias Hange, 26. 

extent of gladalion in, 1. 
glaciers in, 6-15. 
glaciers north of, 11—12. 

Salman Biver, glaciers near, 2. 

Salzburg, ancient piedmont bulb of, 226. 

Sandbars, 466. 

Sand dunes, 466. 

Saussure Glacier, 6. 

Sawer Glacier, 8, 4. 

Schrader. F. C.. 12. IS. 16. 19. 238, 286, 288. 241. 
242, 249, 260, 261, 262, 267, 870, 383, 384, 894, 
419, 422. 429, 480, 484, 439, 447, 460, 464, 478, 
m, 480. 

Schwan Glacier, 13, 447, 460, 466. 

Schwatka, F.. 6, 28, 47. 48, 61, 286, 897, 489. 
Schulsse Glacier, 6. 

Scidmore, E. E.., 8, 7. 

Scott Glflder, 389, 463, 464, 466, 466, 487. 

Seal Bay, 146. 219-220. 

Seal Rocks, 476. 

SefetrQm Glacier, 191. 

Sella Glader, 11. 

SeUa, "VittOTio, 49, 174. 

Serebrannikoff, explorations by, 416. 

Serpentine Glacier. 819, 820, 827-880. 848-849, 
860. 


Seth Glacier, S61. 

Seton Karr, H. W., IS, 47, 48, 49, 51, 870, 375, 
878, 879, 381, 390, 892, 465. 

Seward Glacier, 42, 62. 

Seward lo6e of Malaspina Glader, 68. 

Seward Peninsula, gladers of, 19. 

Shainwald Glader, 16. 

Shales, relation to submariae glacial deposits, 226. 
She^ Bay, gladers of, 886, 468. 

Sheldon, Charles, 6. 

Shephard Glader, 886-886. 889, 466. 

Sheridan Glader, 389-891, 463, 464. 466. 466, 467. 
Shennan Glader, 891, 892. 

Shields, Archie, 446. 

Shields Glader, 440, 460, 467. 

Shoup Glader. 198, 287, 238, 289, 240, 249-264, 
262, 317. 


Signal Moimtain, 476. 

Similar folds, 444. 

Simonstad, Charles, 241. 

Simpson Bay, gladers of, 886. 

Simpson, Sir George, 8, 6. 

Sinking of the land, 479. 

Sitka, earthquakes at, 198. 
gladers near, 9. 
precipitation at, 175, 176. 

Sitkagi Bluffs, 42. 

Situk Biver, former lake at head of, 108. 

Skagway, gladers near, 6. 

Slima River Glader, 11. 

Slope Glader, 18. 

Sloughing, of Childs Glader, 402. 

Smith Glader, 800, 801-302. 

Smith, P. S., 19, 20. 

Snowfall, see iudex under predpitation. 

Snow fan, 880. 

Sno’W'Jine in Haniman Fiord, 819. 
in Prince William Sound, 286. 
in YaJaitat Bay, 199. 
on Hayden Glader, 48. 

Snug Harbor, glaciers near, 17. 

Softuk Bar, 466. 

Soulfe Glader, 2. 

Southern Glader, 14. 

Spasmodic advance 

of Childs Glader in 1910, 402^)09, 411. 
of gladers in other parts of Alaska, 198. 
of Rendu Glader in Glader Bay, 8. 
of Yakutat Bay gladers, 168-174. 

Special problems in the Yakutat Bay re^on 
204-^26. 

Sped River, gladers near, 3, 4. 

Spencer, A. C., 12, 233, 236, 242, 884, 894, 898, 
419, 429, 434, 486, 437, 464, 477, 478, 480. 
Spencer Glader, 464. 

Spirit Mountain, Copper River Canyon near, 461. 
Spitzbergen, advance of gladers in, 168, 191. 

Spun, J. E., 6, 16, 17, 18, 19, 21. 

Stacks, 458, 466. 

Stanley-Brown, J., 19. 

Steiner, J. H., 241. 

Stephens Passage, glaciers near, 3-4. 

Stikme River, gladers near, 8. 

Stone, Fred, 399. 

Stoney Glader, 16. 

Stuck, Archdeacon, 16. 

Stutfidd Glader, 191, 

Submarine basins, 470-472, 

Submarine glacial deposits 221—226, 887—388, 474, 
476. 
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Submarine glacial erosion, 310-812, 357-858, 867- 
868, 888-584. 

Submerged hanging valleys, 219-221, 258, 286, 
298. 812, 848, 868, 384, 886, 471, 478, 475, 488. 
Submergence, indicated by vegetation, 462-468. 
Subsequent glacier, 15. 

Subsequent stream, 454. 

Sumdum Glacier, 8. 

Summary of advances of glaciers since 1890 eartb- 
quakes, 172, 198. 

Sunrise, precipitation at, 810, 817. 

Surprise Glacier, 819, 320, 881-883, 860. 

Swiss gladeis, compared with Hubbard Glacier, 

101, 102. 

Switzerland, advancing glaciers m, 191. 

T 

Taiya Inlet, glaciers near, 6. 

Takhin Glacier, 0, 7. 

Taku Glacier, 4-^6, 103. 

Taku Inlet, glaciers of, 4-6. 

Taku River, glaciers near, 4. 

Talkeetna Glacier, 14. 

Talkeetna Mountains, glaciers of, 14, 451. 

Talus cones, 457. 

Tana Glacier, 18. 

Tanana River, glaciers near, 11. 

Tanana valley, glaciation near, 18. 

Tasnuna valley. 

Copper River canyon near, 461-468. 
glaciers of, 450. 

Vegetation near, 467. 

Tatitlek Narrows, 884. ^ 

Taylor Glacier, 374. 

Tazlina Glacier, 18, 14, 262. 

Tebay River, 454. 

Tebenkof Glacier, 852-355, 361. 

Tebenkof, Michael, 8, 14, 46* 108, 217. 

Temperate climate, gladers in, 22. 

Terminal moraine, 412r-418, 424, 425, 448, 448. 
Terraces, 478-479. 
in rock, 458-454. 

Theory of advance of glaciers, in re^onse to earth- 
quake shaking, 168-197. 
of earthquake avalanche supply, 180-181. 

The Peninsula, 454. 

Third Glacier, 11. 

Thomas, exploration by, 439. 

Through gladers, 28, 181, 160, 200, 201, 891. 
Through valley, 867. 

Thunder, or Hutli Bay, icebergs in, 4. 

Tidal delta, 888. 

Tidal gladers, 208-204, 286. 
southernmost in Alaska, 8. 


Tiekel River, Copper River canyon near, 461. 

Tiger Glader, 876, 876, 877, 380. 

Tiger’s Tail Glader, 876, 376, 877. 

Tilting and elevation, hypothesis of, 178-179. 
Toboggan Glader, 142. 819, 887-389, 848-849, 850. 
Tokichitna Glacier, 16. 

Tommy Glader, 297, 808, 309. 

Topham, H. W., 23, 46. 47, 48. 50, 61, 109. 

Tracy Arm of Holkham Bay, gladers in, 4. 
Triangular facets, 298. 

Tumagain Arm, route across glader from Prince 
William Sound to, 364. 

Turner Glader, 93-07, 171, 172, 194, 197, 203, 204, 
212, 221, 280. 

Tuxedni Harbor, gladers near, 17. 

Twin Gladers, 4, 6. 

Tyndall Glader, 41, 49, 50. 

Tyrrell, J. B., 18. 

U 

XHtramarine Glader, 871, 372-373. 

Unakwik Inlet, 286, 289-296. 

Underwood, John, 896. 

Unimak Island, gladers on, 17. 

United States government bureaus, see index 
under Geological Survey, Coast Survey, Boundary 
Survey, lish Commission, Weather Bureau, 
Forest Service, etc. 

Unuk River, gladers near, 2. 

U-shaped canyon, 462. 

V 

Valdez. 284, 287, 247. 

predpitation at, 176, 412. 

Valdez Fiord, gladation of, 264 r- 256 . 

Valdez Glader. 198, 236, 237-249. 268. 262, 817. 
Valley gladers, 199-200. 

Valley train, 468. 

Van Cleve Glader, 418, 420. 

Van Cleve, J. R., 420. 

Vancouver, Greorge, 6, 6, 7, 8, 10, 14, 46, 108, 236, 
289, 257, 290. 297, 807, 819, 821, 351, 361, 802, 
868. 864, 868, 370, 876, 376, 878, 879. 479. 

Van Hise, C. R., 444. 

Variegated Glader, 106, 116-126, 127, 169, 170, 
172, 184, 186, 187, 194, 107, 204. 206. 209, 210, 
211, 222, 227. 

Vaadlieff, exploration by. 17. 

Vaasar Glacier, 800, 808-806. 

Vegetation, related to gladers, 61, 77, 82, 206-207, 
227, 271-274, 287, 813-815, 346-860, 860-361, 
879-880, 421-422, 426. 427, 435, 442. 448, 449, 
467-468. 

indicating submergence, 462-468. 
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Vemagt-Femer Gkder, 168. 170-177. 182, 191. 
Viscosity in ice, 79, 184-185, 186, 187-189, 204, 444. 
Volcan de Fidalgo, 289. 

Volcanoes, relation to glaciers, 12. 
von Engeln, O. D., 212. 

W 

Wahlenberg Glacier, 191. 

Warping, recent, 454. 

Waterwave, from Fallen Glacier, 166, 

Wave erosion at Childs Glacier, 403. 

Weather Bureau, U. S., 175. 

Weathering, supeavglacial, 458. 

Wedge Glacier, 319, 836. 

Weigle, W. G., 468. 

Wellesley Glacier, 800, 806-806, 312. 

Wella Bay, 296. 

Wernicke Glacier, 446, 466, 457. 

Wernicke, L., 446, 450. 

Westdahl, F., 17. 

West Fork Glacier, 16. 

West Glacier, 12. 

Whidbey Isthmus, 363. 

Whidbey, lieut., 6. 14, 236, 239, 260, 267, 290, 
297, 321, 824, 851, 861, 862, 363, 364, 368, 878, 
879. 

White Pass, glaciers near, 6. 

White River, glaciers near, 11. 

Whiting River, gladera near, 3, 4. 

Williams, Alfred, 441. 

Williams, F. E., 87. 

Williams Glader, 296, 808, 809, 311, 313. 

Williams, "V^Uiam, 48. 

Wilson, H. L., Jr., 898. 

Windom Glader, 6. 

T^gham Idand, 468, 478. 

'V^sconsin, gladers named for colleges in, 356. 
TOtherspoon, D. C., 12, 16, 286, 242, 890, 302, 894, 
398, 400, 401, 419, 480, 484, 440, 441, 447. 

Wood Canyon, 461, 464-466. 

Wood, C. E. S., 7. 

Wood Glader, 7. 

Wood Island, glaciation of, 14. 


Woodworth Glader, IS, 240, 46.0, 466. 

Worthington Glader, 13. 

WosnessensH Glader, 14. 

Wrangell Mountains, 461, 462. 
gladers of, 12. 

Wrangell Narrows, relation to glacial stream, 8. 
Wright, C. W., 3, 4, 6, 8, 9, 10. 

Wright, F. E., 8, 4, 8, 9, 10. 

Wright, G. P., 2, 7, 8, 20, 196. 

Wri^t Glader, 4. 

Wyckoff, A. B., 216. 

Y 

Yahtae River, 42. 

Yakutat Bay, comp^jison with Prince William 
Sound, 480-466. 

contributions to interpretation of glacial phe- 
nomena near, 226-228. 

description of gladers of, 11, 82-84. 
gladation of, 198-281. 
icebergs in, 213. 
ice jam in, 214-216. 
location of, 24. 

physiographic features of, 24-26. 
smaller gladera of, 166-167. 
soundings in, 217-218. 
special problems in, 204-226. 
submarine moraine in, 222-228. 
summary of glacial history of, 228-281. 
Yakutat Bay gladera, 

characteristics of, 27-32, 198-204. 
contrast with Columbia Glader, 288. 
former expansion of, 34-86. 
general view of, 28-40. 
recent advance of, 87-40, 484. 
recent recession of, 86-87. 
summary of advances of, 168-174. 

Yakutat Foreland, 26. 

Yakutat Glader, 10, 168, 193. 

Yale Glader, 14, 290, 806-808, 309, 810. 812. 

York Mountain, gladation of, 20. 

Yukon valley, gladation, in 18, 21, 
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